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STATEMENT
A geological survey of the Katherine -
Darwin Region of the Northern Territory of 
Australia was begun by the Commonwealth Bureau 
of Mineral Resources in 1951 and completed in 
1957* The writer was fully engaged as a party 
leader with this survey from 1951 to 1953 and 
from 1954 was in charge of the regional mapping 
group. During the course of the survey he took 
part in the actual mapping or carried out the 
initial reconnaissance work on all of the fifty- 
two one mile sheets on which Lower Proterozoic 
rocks crop out,with the exception of eleven sheets 
in the southwestern corner of the area. These 
were mapped by a field party under the leadership 
of D.A. White and were visited by the writer only 
in the course of normal supervisory duties.
gave the writer a unique opportunity for studying 
the history and development of' [ geosyncline, and 
for viewing it in the perspective of a much 
larger area. Since the writer had himself mapped 
and studied much of the area, and was familiar 
with the whole, he consequently enrolled with 
the Department of Geophysics, Australian National 
University, and embarked on an academic study of 
the area.
Prom 1954 to 1959 k© has been engaged 
on work directly connected with this Thesis**
In 1954 it was realized that this area
rauch additional field work, particularly in areas 
such as Rum Jungle, Adelaide River and the South 
Alligator area where earlier reconnaissance had 
shown important relationships could be established? 
in much routine map compilation - the writer has 
taken part in actual compilation work on a number 
of, and has had editorial responsibility over all 
of forty-one map sheets currently in different 
stages of publication by the Bureau? in 
reconnaissance surveys over large areas of 
Northern Australia? in the compilation of the 
new Teotonio Map of Australia of which the co­
ordination and much of the actual work has been 
the writer’s responsibility.
work over the past eight years and from the 
Bureau and earlier surveys have been used where 
applicable to this Thesis: but the interpretation
of the geosyncline and its evolution? and the 
ideas offered on the place of the geosyncline in 
the structural framework of North-western Australia, 
and given in this Thesis, are the writer’s own 
ideas and interpretation.
All data gained from the writer’s own
B.I.
Department of Geophysics, 
Australian National University, 
Canberra, A,C.T,
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INTRODUCTION
GENERAL
This Thesis presents an account of the 
geology of the Lower Proterozoic* rocks which 
occupy the Pine Creek Geosyncline, and attempts 
to trace the evolution of the geosyncline by a 
reconstruction of the sequence of deposition of 
the sediments; by relating different facies 
assemblages to structural units developed in the 
geosynolinal tract; and by a brief consideration 
of the igneous rocks, which, together with the 
sediments, make up the geosynclinal pile. The 
geosyncline is discussed as a unit within the 
structural framework of North-western Australia, 
which, for the purpose of this Thesis, is taken 
as the area shown on Plate 6.
The thesis is divided into three parts: 
Part 1 is descriptive and deals with the strati­
graphy of the Lower Proterozoic rocks of 
the geosyncline, with brief descriptions 
of the igneous rocks. Rock units of 
other ages in the area are noted but not 
described.
* For definition of Lower Proterozoic see page 9*
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Part 2 is interpretative and traces the evolution 
of the geosyncline. Some repetition of 
material presented in the first section 
has been found necessary here in order to 
maintain the continuity of the discussion.
Part 3 offers a new reconstruction of the
Precambrian framework of North-western 
Australia in order to explain further the 
tectonic style and sedimentation pattern 
of the Pine Creek Geosyncline.
This thesis does not attempt a detailed 
description of the stratigraphy, structure and 
petrology of the rocks of the Pine Creek Geosyncline, 
but rather presents a synthesis of the large amount 
of data which are available as a result of the field 
survey. These data will be more fully recorded in a 
Bulletin to be published in three volumes by the 
Bureau of Mineral Besources and for which the writer 
will be responsible under the direction of the Chief 
Geologist. This work is now in preparation: but
as it is not expected to be published before the 
end of i960, it cannot be included here as a 
reference. Because of the extremely wide scope of 
the study, some generalizations have been necessary,
- 3 -
but these generalizations are based on detailed 
evidence which will be published at a later date.
The Pine Creek Geosyncline was first 
named by Noakes (1949) and is situated in the 
Katherine-Parwin region of the Northern Territory 
of Australia, This region is bounded by latitudes 
12° and 15° South and longitudes 130° and 135° Bast, 
It is covered by the Darwin, Pine Creek, Fergusson 
River, Katherine, Mt. Evelyn and Alligator River 
sheets and part of the Port Keats sheet of the 
Australian 4-mile series (see Plate l), The whole 
area is about 44>000 square miles. The Lower 
Proterozoic rocks crop out over about 15,000 
square miles or roughly one-third of the area.
The remainder is occupied by a few small areas 
of older basement rocks of probable Archaean* 
age, and by Upper Proterozoic, Middle Cambrian, 
Permian and Mesozoic units,
BASE MAPS AND METHOD OF MAPPING
The area is covered by vertical photo­
graphs at scales of 1:30,000 and 1:50,000 taken 
by the Royal Australian Air Force. Map control
For definition of Archaean see page 9*
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for most of the area is provided by Shoran from 
airborne surveys carried out by the Bureau of 
Mineral Resources, and by ground surveys and 
astrofixes provided by various governmental 
agencies. Base maps at scales of one-mile, four- 
miles and ten-miles to the inch have been compiled 
by the Division of National Mapping, Department of 
National Development, In all, thirty-four 1-raile 
series,six four-mile series geological maps, and 
one map at 1 inch to 10-miles scale are being pub­
lished in connection with the survey, Plate 1 is 
the original draft compilation of the 1 inch to 
10-mile scale map of the Region,
Aerial photographs were used exclusively 
in the field for navigation and plotting of data. 
These data were first compiled as field sheets 
based on photomosaics and later transferred to 
base maps assembled by slotted template methods, 
as these became available. Most of the area 
covered by the Lower Proterozoic rocks was mapped 
at photo scale. Where more detail was required, 
as for example, in the South Alligator River area, 
aerial photographs enlarged to a scale of 1 inch 
to 1,000 feet were used.
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In general it was found that the Lower 
Proterozoic sediments did not lend themselves to 
photo-interpretation of either formation boundaries 
or structures, and such features were determined 
almost wholly by ground observation. Granite 
boundaries and some of the younger sedimentary 
formations were, however, readily determined by 
photo-interpretation. The detail in which different 
areas were mapped is indicated on the reliability 
diagram shown on Plate 1.
HISTORY. ACCESS AND PREVIOUS INVESTIGATIONS
The climate of the region is raonsoonal, 
with a summer wet season of about four months 
duration and a winter dry season. Prior to the 
entry of the Japanese into World War II in 1941, 
the region was an isolated and little known segment 
of Australia. It was connected to the more populous 
areas on the eastern and southern seaboards of the 
continent by infrequent boat and air services and 
by one dirt track which joined the railhead at 
Alice Springs, about 1,000 miles south of Darwin. 
This track was bitumen-sealed in 1943 and is now 
called the Stuart Highway. Other access is by 
unsealed roads and bush tracks which, with the
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exception of a few graded ”fireplough" tracks, 
commonly consist of two wheel-marks wandering 
through the hush. Wet season traffic is still 
practically non-existent except on the Stuart 
Highway - and on the single track, narrow gauge 
railway which runs from Darwin about 300 miles 
south to Larrimah.
Owing to the isolated nature of the 
area, the plimatic conditions, the lack of base 
maps and the fact that most interest in pre-World 
War II days was given to the known gold and tin 
raining fields, the same ground around the different 
mining camps was examined repeatedly. For example, 
the literature shows that twenty-six different 
names have been given to different parts of what 
is now known as the Burrell Creek Formation. None 
of the now established Groups were recognized and, 
indeed, a very large part of the region had not 
been geologically examined prior to the present 
survey.
Tate (1882) and Tenison Woods (1886) both 
produced reconnaissance maps of part of the area. 
These were added to by H.Y.L. Brown (1895, 1906,
1907, 1908), Government Geologist of South Australia, 
in the late 19th and early 20th centuries.
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In 1911» administrative control of the 
Northern Territory passed from South Australia to 
the Commonwealth Government. Woolnough as Government 
Geologist and Jensen, Gray and Winters of the North­
ern Territory Geological Survey published a number 
of bulletins on the mineral occurrences of the 
region. These are listed in the Bibliography.
From 1935 to 1940, parties from the 
Aerial, Geological and Geophysical Survey of Northern 
Australia (AGGSNA) re-examined the known mineral 
fields. A limited amount of regional mapping was 
also carried out in the Brocks Creek, Pine Creek 
and Yeuralba areas. A number of AGGSNA reports 
were published on this work (see bibliography) 
and these were used by Voisey (1939) and Hossfeld 
(1954) who presented correlations of the information 
then available on the area. Noakes (1949) presented 
a comprehensive review of the previous investigations 
which was used as a basis for the present survey.
Because of the scope and detail of the 
present survey however, these accounts are now out 
of date and the areas which they cover and from 
which their conclusions were drawn have been almost 
entirely re-mapped. The recent work was greatly
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assisted by aerial photographs of the whole region 
which became available in 1951» and which enhanced 
the scope and accuracy of the survey,
DEFINITIONS
Precambrian Subdivisions
The Precambrian rocks of the area under 
discussion are subdivided into Archaean, Lower 
Proterozoic and Upper Proterozoic,
These subdivisions conform roughly with 
those given by David (1950» Table II, p.46), in 
that David's Lower Precambrian here is referred to 
Archaean, Middle Precambrian to Lower Proterozoic, 
and Upper Precambrian to Upper Proterozoic, This 
follows the usage adopted by most workers in the 
Northern Territory since 1950»
The terms Archaean and Proterozoic as 
used here are a reference to structural form rather 
than to an arbitrary time scale, Proterozoic is 
retained for reasons of established usage and 
because no good purpose is served in suggesting 
changes in Precambrian divisions at this stage.
This matter is currently under review in Australia
as elsewhere in the world
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Archaean is crystalline basement. It 
is necessary to assume, as previous workers have 
done, that the Archaean rocks of the Northern 
Territory are of much the same age as the shield 
rocks of Western Australia which have been dated 
at roughly 2500 million years*. There is as yet no 
reason to query this assumption.
The Lower Proterozoic rocks are further 
subdivided into two series, namely Agicondi and 
Davenport Series (Walpole & Malone, 1959)* a/K 
age determination of Agicondian granite of the 
Katherine-Darwin region (Hurley et al 1959, and 
Walpole and Smith 1959) place the average age of 
the intrusions at 1650±40 x 10^ years. This 
"date" is presently taken as the upper limit of 
the Agicondian, and the lower limit of the Daven- 
portian. The Agicondian sediments may range back 
to at least 2000 million years. Davenportian 
Granites have been dated at 1440± 50 x 10^ years. 
This is taken as the upper limit of the Davenport­
ian, and therefore of the Lower Proterozoic, and 
the lower limit of the Upper Proterozoic.
The two Series conform roughly with
those suggested by Hossfeld (1954) but with the 
* Greenhalgh & Jeffreys (1959)*A number of more 
recently determined ages range between 2300 and 
2800 x 10 years.
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difference that the distribution of the rocks of 
each unit is now more precisely known.
The Upper Proterozoic rocks of north­
western Australia have not yet been adequately 
defined to allow a time-rock nomenclature to be 
proposed, Noakes (1956) and later, the writer 
(Walpole, 1958(b)) have used "Lower" and "Upper 
Adelaidean", and a more precise correlation with 
the Adelaide System of South Australia has been 
under active consideration for some time. As a 
result of recent investigations, the writer now 
considers that a direct correlation with the 
different Series of the Adelaide System is not 
possible. Present evidence suggests that at least 
part of the Upper Proterozoic of north-western 
Australia may be older than the Adelaide System: 
but there is no proof of this as yet.
Sedimentary Nomenclature
The descriptive nomenclature of sedi­
mentary rocks used here divides fragmental rocks 
into Lutites ( 0.06 mm.), Arenites (0.06-4 mm.)
and Hudites ( 4 mm.). This conforms roughly with
the Wentworth grade scale quoted by Twenhofel & Tyler 
(1941> pp. 47» 48) for silt ( 0.061 mm.), very
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fine sand to granule (0.074 - 3*96 nun.) and pebble, 
cobble, etc. ( 4 nun.). The simplified subdivision
into three size gradings is preferred here because 
no attempt has yet been made to separate the frag­
mentary rocks of the Katherine-Darwin region into 
the more precise gradings given by Twenhofel & Tyler.
With the exception of algal bioherms, 
only inorganic chemical sediments are dealt with 
in this thesis. Of these, limestone and dolomite 
were determined by the usual method of reaction or 
C non reaction to cold dilute Hel$ chert is described
as a cryptocrystalline, dense rock, bedded, massive, 
or nodular, and composed mainly of silica.
Lutites include siltstone, greywacke 
siltstone, quartz siltstone, claystone, etc. Of 
the arenites, greywacke, quartz greywacke and 
arkose are used in keeping with the descriptions 
listed below.
i) Greywacke: Arenite consisting of angular (and
rounded) grains with a fine-grained micaceous 
and/or chloritic matrix constituting from 15 
to 50$ of the rock. The sand-size grains may 
be quartz (0 to 85$)» felspar (0 to about 50$)» 
rock fragments (O to about 70$), ferroraagnesian 
minerals (up to about 15$)» heavy minerals
Fig. 1 Arkose, Mt. Partridge For­
mation* Mt. Partridge area.
Photomicrograph X45 showing 
coarse angular quartz (q ) 
and felspar (f ) fragments in 
a matrix of fine fragments 
felspar and quartz with core 
tourmaline and zircon.
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(3 to about 5$ in addition to the ferro- 
magnesian minerals). Distinguished from 
QUARTZ SANDSTONE by less quartz, the 
presence of a fine-grained matrix, poorer 
sorting, poorer rounding of grains and 
commonly by the presence of fragments of 
rocks. Distinguished from ARKOSE mainly 
by the type of matrix (micaceous/chloritic 
rather than kaolinitic) by the type of felspar 
(mixed rather than orthoclase and acid plagio- 
clase)•
ii) Quartz Greywacke: Greywacke composed of more
than quartz, 10 to 30$ fine grained matrix
and 0 to 20$ felspar. Name used in preference 
to subgreywacke.
iii) Arkose: Arenite composed of felspar (20 to 60$),
quartz, (20 to 78$), and heavy minerals of the 
granitic suite (2 to 4$) with up to 30$ 
kaolinitic clay, 20$ mica and/or 40$ fragments 
of slate, quartzite, granitic rock and/or 
schist.
Typical examples of what the author 
refers to as greywacke, quartz greywacke and arkose 
are shown as figures 1, 2 and 3*
Fig, 2 Greywacke, Noltenius Formation,
Core of Diamond Drill Hole No, 2. 
Adelaide River uranium mine.
Photomicrograph X45 showing main 
constituents of quartz (q ) as 
angular fragments with associated 
muscovite shreds (m ) and felspar 
fragments (f ) in a matrix of fine 
quartz, mica and chlorite with 
rare tourmaline. Rare quartzite 
fragments are present in the rock 
but are not shown in this photograph.
Fig. 3 Quartz greywacke, Burrell Creek For­
mation, Anaconda No. 6 drill hole, 
Maranboy.
Photomicrograph X45 showing quartz 
(q ) fragments in a matrix of chlorite, 
fine quartz and rare mica shreds, 
with accessory tourmaline and zircon. 
Felspar and rock fragments are rare.
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Other elastics named such as pebble 
conglomerate, quartz sandstone etc, are field terms 
only but are considered to have been used in a 
manner which would be acceptable to most geologists. 
For example, quartz sandstone as used here refers 
to an arenite consisting mainly of rounded grains 
of quartz (+85$) and distinguished from quartz 
greywacke by absence of matrix, from arkose by the 
absence of or the very minor proportion of felspar 
in the rock,
A particular rock type which is widely 
distributed throughout the region and which has 
been mistaken for a rudite by a number of workers 
including Dodd (1953) and Sullivan and I ten (1952) 
is illustrated as figures 16, 30 and 31* This is 
a carbonaceous, dolomitic, pyritic marl (siltstone 
in some places) with chert lense^ nodules and 
bands. The chert is diagenetically altered dolomite,
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DESCRIPTIVE GEOLOGY
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GENERAL
The Katherine-Darwin region forms part 
of the Australian Precambrian Shield. Noakes (1949) 
notes that it has been a comparatively stable area 
since Precambrian time - "except for the western 
seaboard there have been only two periods of marine 
submergence since the Precambrian**. The first of 
these took place in the Middle Cambrian and only 
part of the area was covered. The second occurred 
in Lower Cretaceous time and although the whole 
area was covered, only a thin veneer of sediments, 
a few hundred feet thick, was deposited.
The oldest rocks in the region are meta- 
morphic rocks of probable Archaean age. They crop 
out on the western and north-eastern margins of 
the Pine Creek Geosyncline in the Hermit Creek and 
Myra Falls area (Plate l), and as a narrow belt in 
the South Alligator River area (Plates 1 and 2). 
These rocks form part of the basement complex on 
which the Lower Proterozoic sediments of the Pine 
Creek Geosyncline were deposited.
The Lower Proterozoic sediments and 
associated igneous rooks crop out over an area of 
about 14*000 square miles. They are bounded on
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the east by unconformably overlying Upper 
Proterozoic sediments and volcanic rocks which 
crop out on the Arnhem Land Plateau. In the 
central and southern section of the area they 
are unconformably covered by sediments and vol- 
canics of Upper Proterozoic, Lower (?) and Middle 
Cambrian age which were deposited in the shallow 
southeast-trending Daly fiiver Basin. The western 
limit of the outcropping Lower Proterozoic geo­
synclinal sediments is partly against basement 
rocks and partly covered by Permian sediments. 
Residuals of Mesozoic rocks are scattered throughout 
the region.
There has been no major diastrophism 
in this region since Agicondian rocks were dislocated, 
and no intrusion of granite into the post-Lower 
Proterozoic strata. The Upper Proterozoic and 
Cambrian rocks were laid down in broad depositional 
basins extending to the south and east well beyond 
the Katherine-Darwin region.
STRATIGRAPHY
For the purpose of this thesis, only the 
Precambrian rock units are considered and only the 
Agicondi Series is discussed in any detail. All
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rock units named here are formally defined 
(Walpole & Malone, 1959) in accordance with the 
Australian Code of Stratigraphic Nomenclature 
(Raggatt et al, 1959)*
The relationships between the Agicondian 
units are shown in Figure 4 which is based partly 
on an ideal cross section of the Pine Creek Geo­
syncline, Figure 4 attempts to demonstrate the 
relationships between the different units as well 
as a two dimensional picture will allow. It 
illustrates the fact that, in any basin of 
deposition, accretion of sediments takes place 
laterally as well as vertically, and emphasizes 
the importance of this process in the Pine Creek 
Geosyncline,
The details of the rock units are 
summarized in Table 1, In order to avoid possible 
confusion with previous nomenclature, Table 2 sets 
out a brief summary of only the more important 
names which appear in the literature, and which 
have necessarily been redefined as a result of the
recent survey
TABLE 1
SUMMARY OF PRECAMBRIAN ROCK UNITS, KATHERINE - DARWIN REGION
RANK
AGE
Group Formation Member
THICKNESS LITHOLOGY REMARKS & RELATIONSHIPS
Upper Maiwok
Proter- Group
ozoic
Variable Mainly sandstone, minor greywacke Unconformably overlies Mt.Rigg
up to 3000 and fine basic volcanics, silt- Group in Katherine-Darwin
feet stone, pisolitic ironstone and Region,
ferruginous sandstone.
Tolmer
Group
approx. Sandstone overlain by flaggy sand- Unconformably overlies Agi-
2.700 feet stone, dolomite and Collenia bio- condi Series and Victoriaherms, ferruginous sandstone with River Group. Unconformably 
halite casts. overlain by Middle CambrianDaly River Group.
Victoria
River
Group
Not known Quartz sandstone, limestone, silt- Previously named by Traves
stone, felspathic sandstone, sil- (1955) but currently under 
icified limestone with stromato- review and redefinition,liths. Probably equivalent to Mt.
Rigg Group. Unconformably 
overlies Chilling Sandstone.
Mt.Rigg Group
Variable Conglomerate, tuff and sandstone Unconformably overlies Kather-
3,000 feet overlain by limestone shale chert ine River Group.
(approx.) and volcanics.
Katherine
River
Group
Variable As for formations listed below. Consists essentially of coarse
up to 9,000 shelf deposits with intercal-
feet. ated lenses of volcanics. Un­
dulated in synclinal basins 
and complicated by instability of basin margins during sedi­
mentation which has resulted in local unconformities or discon- 
formities within some units.
Kombolgie
Formation
Variable Alternating sediments and volcanic Overlies Edith River Volcanics
up to rocks. Volcanics occur as lenses, in places with disconformity,
5,200 feet Rock types include coarse to med- in places with local unconfor-
iutf. sediments - quartz greywacke, mity developed by instability
conglomerate, felspathic sand- of basin margins during sedi-
stone, quartz sandstone, quartz mentation. May contain pebbles
siltstone, cobble conglomerate, of Edith River volcanics in
tuff. basal members. Geographical
limits show the Formation over­
laps Edith River Volcanics.
Edith River Variable Mainly acid to intermediate vol- Unconformably overlies Agicondi
Volcanics up to canics with lenses of sediments, Series. Complicated assemblage
4,000 feet particularly near the base. Rhyo- dominated by acid and intermed- 
lite and dacite predominant vol- iate volcanics. Sedimentary 
canic type, ash-stone, tuff, members mostly concentrated near
tuffaceous sandstone minor basic base and are markedly lenticular, 
volcanics, valley fill deposits Facies changes common. Includes 
including conglomerate, polymictic "Fergusson Volcanics” (Carter, 
conglomerate, breccia. 1952) which are here not treated
as a separate member.
Lower Agicondi 
Proter- Series
ozoic South
AlligatorGroup
Up to 20,000 ft. 
(estimate 
only).
Includes Koolpin Formation,Gerowie Sediments deposited in secondary 
Chert and Fisher Creek siltstone. trough developed on eastern mar- 
' gin of Pine Creek Geosyncline.Overlies Goodparla Group with disconformity.
RANK
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AGE _________________  _____ THICKNESS LITHOLOGY REMARKS & RELATIONSHIPS
G roup  F o r m a t i o n  Member
L ow er
P r o t e r o -
F i s h e r  C r e e k  
S i l t s t o n e
V a r i a b l e  
p r o b a b l y  u p  
t o  1 7 ,0 0 0  f t .
M a in l y  s i l t s t o n e ,  m in o r  g r e y -  
w acke a n d  m i c a c e o u s  g r e y w a c k e ,  
g re y w a c k e  s i l t s t o n e .
O v e r l i e s  and  i n t e r f i n g e r s  w i t h  
K o o l p i n  F o r m a t i o n  a n d  G ero w ie  
c h e r t .
Z U  1 C
G e ro w ie
C h e r t
V a r i a b l e  
u p  t o  3 , 0 0 0  
f t . ( e s t i m a t e  
o n l y ) i
C h e r t  a n d  im p u r e  c h e r t . F a c i e s  c h a n g e  w i t h  a n d  o v e r l y i n g  
K o o l p i n  F o r m a t i o n .  C h e r t  m o s t  
p r o b a b l y  d i a g e n e t i c  a l t e r a t i o n  
o f  o r i g i n a l l y  d o l o m i t i c  s e d i ­
m e n t s .
K o o l p i n
F o r m a t i o n
V a r i a b l e  up  
t o  3 ,0 0 0  f t .  
( e s t i m a t e  o n l y )
P y r i t i c  c a r b o n a c e o u s  s i l t ­
s t o n e  w i t h  c h e r t  ( a f t e r  
. d o l o m i t e )  l e n s e s  n o d u l e s  a n d  
b a n d s ,  c a r b o n a c e o u s  s i l t s t o n e  
d i s c o n t i n u o u s  a l g a l  b i o h e r m s .  
B io h e rm s  c o n t a i n  a l g a l  re m ­
a i n s ,  i n c l u d i n g  C o l l e n i a  
t y p e s  a n d  o t h e r  f o r m s  n o t  
y e t  i d e n t i f i e d .
R e e f  f a c i e s  d e v e l o p e d  o n  s e a w a r d  
m a r g i n  o f  s e c o n d a r y  t r o u g h .  R e s t s  
i n  p l a c e s  u n c o n f o r m a b l y  o n  A r c h ­
a e a n  m e t a v o l c a n i c s ,  o r  d i s c o n -  
f o r m a b l y  o n  G o o d p a r l a  G ro u p .
C h i l l i n g
S a n d s t o n e
A p p r o x i m a t e l y  
u p  t o  4 , 5 0 0  f t .
M a in l y  q u a r t z  s a n d s t o n e . F a c i e s  c h a n g e  o f  N o l t e n i u s  F o r ­
m a t i o n  i n  p l a t f o r m  e n v i r o n m e n t  -  
l i e s  d i r e c t l y  a b o v e  N o l t e n i u s  
F o r m a t i o n  i n  t y p e  a r e a .
F i n n i s s
R i v e r
G roup
V a r i a b l e  u p  t o  
1 2 ,0 0 0  f e e t .
I n c l u d e s  N o l t e n i u s  a n d  B u r ­
r e l l  C re e k  a n d  S t a p l e t o n  
F o r m a t i o n ,  B e r i n k a  & D o r o t h y  
C r e e k  V o l c a n i c s .
M a in l y  t u r b i d i t y  c u r r e n t  d e p o s i t s  
d e v e l o p e d  a l o n g  u n s t a b l e  w e s t e r n  
m a r g i n  o f  P i n e  C r e e k  G e o s y n c l i n e  
a n d  e x t e n d i n g  i n t o  C e n t r a l  T r o u g h .  
M in o r  v o l c a n i c  r o c k s .
B e r i n k a  
V o l c a n i c s
N o t  known S p h e r u l i t i c  r h y o l i t e ,  a s h -  
s t o n e  t u f f ,  i n t e r m e d i a t e  
a m y g d a l o i d a l  v o l c a n i c s ,  
g r a n o p h y r e .
I n t e r b e d d e d  w i t h  N o l t e n i u s  F o r ­
m a t i o n .  L o c a l  d e v e l o p m e n t  o n l y .
D o r o t h y  
C r e e k  
V o l c a n i c s
Up t o  1 , 0 0 0  f t .  
( e s t i m a t e  o n l y )
B a s i c  v o l c a n i c s ,  p y r o c l a s -  
. t i c s .
R e l a t i o n s h i p s  n o t  c e r t a i n .  P r o b ­
a b l y  o v e r l i e  a n d  f o l d e d  w i t h  
B u r r e l l  C re e k  F o r m a t i o n .  L o c a l  
d e v e l o p m e n t  o n l y .
B u r r e l l
C r e e k
F o r m a t i o n
V a r i a b l e  u p  t o  
8 , 0 0 0  f t .
yjjfflTjj
Q u a r t z  g r e y w a c k e ,  g r e y w a c k e ,  
g re y w a c k e  s i l t s t o n e ,  s i l t ­
s t o n e .  R a r e  l e n s e s  o f  s a n d ­
s t o n e ,  c o n g l o m e r a t e ,  t u f f .
As f o r  N o l t e n i u s  F o r m a t i o n  -  
i n t e r f i n g e r s  w i t h  G o ld e n  Dyke 
F o r m a t i o n  o f  G o o d p a r l a  G roup  i n  
c e n t r a l  T r o u g h  o f  P i n e  C r e e k  
G e o s y n c l i n e  b u t  h a s  d i f f e r e n t  
p r o v e n a n c e  an d  d i r e c t i o n  o f  s e d ­
i m e n t a t i o n .  M ain  b u l k  o f  B u r ­
r e l l  C r e e k  F o r m a t i o n  o v e r l i e s  
G o ld e n  Dyke F o r m a t i o n  o r  d i s c o n -  
f o r m a b l y  o v e r l i e s  o t h e r  u n i t s .
I s  d i s t i n g u i s h e d  f r o m  N o l t e n i u s  
F o r m a t i o n  m a i n l y  by  m a rk e d  d e ­
c r e a s e  i n  g r a i n s i z e  o f  a r e n i t e s .
S t a p l e t o n
F o r m a t i o n
V a r i a b l e  u p  t o  
3 ,0 0 0  f e e t .
C a r b o n a c e o u s  g r e y w a c k e ,  g r e y ­
w acke s i l t s t o n e ,  c a r b o n a c e o u s  
q u a r t z  g r e y w a c k e ,  g r e y w a c k e ,  
s i l t s t o n e ,  m i n o r  p e b b l e  c o n ­
g l o m e r a t e  a n d  q u a r t z  g r e y ­
w a ck e .
I n t e r f i n g e r e d  w i t h  a n d  g r a d a t i o n a l  
w i t h  b o t h  G o ld e n  Dyke a n d  B u r r e l l  
C r e e k  F o r m a t i o n s .  O v e r l i e s  G o ld e n  
Dyke F o r m a t i o n  and  u n d e r l i e s  B u r ­
r e l l  C r e e k  F o r m a t i o n .  A l o c a l  
v a r i a n t  o f  t h e  N o l t e n i u s  F o r m a t i o n
c o n t a i n i n g  c a r b o n a c e o u s  r o c k s .
RANK
AGE
Group Formation Member
THICKNESS LITHOLOGY REMARKS & RELATIONSHIPS
Lower
Proter­
ozoic
Noltenius 
Format ion
Approximat ely 
up to 4,000 
feet.
Quartz greywacke, pebble and 
boulder conglomerate, quartz 
sandstone silt stone, minor 
arkose, greywacke, greywacke 
conglomerate. Locally meta­
morphosed to mica and andal- 
usite-mica schist.
Turbidity current deposits. This 
Formation commonly takes the 
form of large tongues lying 
above and below i.e. interfinger- 
ed with the Burrell Creek For­
mation and lies directly below 
and grades into the Chilling 
Sandstone. From first principles, 
it is the near source and there­
fore first deposited equivalent 
of the Burrell Creek Formation.
The relationships are essential-
ly lateral.
Goodparla
Group
Variable up 
to 12,000 ft 
(estimate 
only)
As for Mt. Partridge, Masson 
and Golden Dyke Formations
Basal unit of Agicondi Series on 
eastern and northern margins of 
Pine Creek Geo syncline. Format­
ions listed comprise a facies 
assemblage extending from margin­
al through transitional to the 
trough environment of the geo­
syncline. Thus the Mt.Partridge 
Formation in part underlies inter­
fingers with, or grades westward 
and southward into the Masson 
Formation. This in turn has the 
same relationship with the Golden 
Dyke Formation. Super-position of 
one formation relative to the 
other has been established in 
the Mt. Bundey area but neverthe­
less the most important dimension 
is lateral, not vertical.
Golden
Dyke
Fornation
Variable up 
to 9,000 ft.
Variable with a number of 
different lithologies which 
when mapped will be more 
properly defined by a lesser 
rank. Silt stone, dolomitic 
siltstone,carbonaceous silt- 
stone ,dolomite,chert,carbon­
aceous pyritic silt stone in 
places with chert (after dol­
omite) lenses, nodules and 
bands, siliceous dolomitic 
slump breccia prominent in 
some places.
Deposited in trough environment 
of Pine Creek Geosyncline. Essen­
tially a dolomite-siltstone litho­
logy with chert as a main variant. 
The chert may be diagenetically 
altered dolomite. Overlies Bat­
chelor Group in Rum Jungle area, 
interfingers with and underlies 
Burrell Creek and Stapleton For­
mations in other areas. Overlies 
and interfingers with Masson For­
mation.
Masson
Forma­
tion
Variable up Quartz greywacke, silt stone, 
to 10,000 ft. carbonaceous silt stone, in 
(estimate only)places pyritic and in places 
with dolomitic bands lenses 
and nodules, minor conglomer­
ate, greywacke, quartz sand­
stone, banded si It stone, cal­
careous silt stole. Formation 
is dominantly composed of 
lenses of quartz greywacke 
intertonguing with siltstone 
of different types.
Overlies, intertongues and grad­
ational with Mt.Partridge Forma­
tion. Underlies, intertongues 
and gradational with Golden Dyke 
Formation. Transitional unit.
Acacia Gap 
Tongue
Variable up 
to 4,000 ft.
Interbedded pyritic and pyrit­
ic, carbonaceous siltstone and 
siliceous quartz greywacke, in 
places pyritic.
A large tongue of the Masson For­
mation which crops out in the 
general Rum Jungle area. Southern 
point of-tojjgyg atout eight miles 
south-east of Rum Jungle western
RANK THICKNESS LITHOLOGY REMARKS &  RELATIONSHIPS
AGE
Group Formation Member
Lower
Proter­
ozoic
Acacia Gap ' Tongue limit on flank of Rum Jungle dome near Mt. Burton. Links 
to east with main body of 
Masson Formation.
Coirwong
Greywacke
Member
Variable up 
to ,500 ft.
Medium to coarse grained quartz 
greywacke, minor conglomerate.
Prominent member of Masson 
Formation in South Alligator 
River area commonly faulted 
against or disconformably over- 
lain by Koolpin Formation.
Mt. Partridge 
Formation
10,000 ft. + 
(estimate only)
Arkose, arkose conglomerate, 
siltstone, conglomerate,minor 
quartz greywacke, silicified 
dolomite lenses, ferruginous 
sandstone, quartz sandstone.
Basal unit of Goodparla Group. 
Marginal facies developed on 
eastern and northern margin 
of the asymmetrical central trough of the Pine Creek geo- 
syncline.
Mundogie
Sandstone
Member
Variable up 
. to 2,500 ft.
Medium to coarse quartz sand­
stone, minor pebble conglomer­
ate at the base. Quartz sand­stones ripple marked and cross- 
bedded in places, grades later­
ally into sandy siltstone.
Facies variation of Mt. Part­
ridge Formation developed on 
a basement high in the Mun- 
dogie Hill area.
Agicondi
Series
Batchelor
Group
Variable up 
to 5,000 ft.
As for Beestons Creek Formation 
Celia Dolomite, Crater Forma­
tion and Coomalie Dolomite listed below.
Basal unit of Agicondi Series 
on north-western arm of Pine 
Creek Geosyncline. Restricted marginal facies assemblage 
probably linked with Mt.Part-
ridge Formation, but with the 
arenites and lutites separated 
by two distinctive dolomitic 
formations. The non dolomitic 
lithologies are identical with 
those of the Mt.Partridge For­
mation and the Group occupies 
the same relative spatial pos­
ition as a marginal facies.
In the area of outcrop, however, 
the Golden Dyke Formation dir­
ect Ihr overlies the group and 
the [Masson Formation is rep- 
re seinted by the Acacia Gap 
Tongue within the Golden Dyke. 
The Batchelor Group and Mt. 
Partridge Formation are separ­ated by 25 miles of country 
comprising a structural low 
occupied by Golden Dyke and 
Acacia Gap rocks.
Coomalie
Dolomite
Variable up 
to 1,000 ft. Algal reef dolomite with Col- lenia type fossils, siltstone, Lenticular formation - dir-
calcilutite, silicified dolo­
mite, dolomitic marl. Meta­morphosed in places to tremo- 
lite schist and marble.
tior
Dyke
i and underlies Golden i Formation.
Crater
Formation Variable up to 2,000 ft. Quartz greywacke with radio­active pebble conglomeratic lenses, siltstone, felspathic sandstone, minor arkose and 
carbonaceous pyritic siltstone with chert nodules and bands, slumped in places.
Lenticular formation cropping out on Rum Jungle and Water- 
house domes. Overlies Celia Dolomite.
- 5 -
AGE
R A M THICKNESS LITHOLOGY REMARKS & RELATIONSHIPS
Group Formation Member
Lower
Proter­
ozoic
Celia
Dolomite
.
Variable up to 
1,000 ft.
Algal bioherms with Col- Lenticular unit overlying Beestons
lenia-type fossils, dolomite Creek Formation. Maximum develop- 
breccia, in places metamor- ment five miles E.N.E. of Bat- 
phosed to tremolite schist, chelor. 
calc silicate hornfels, 
marble.
Beestons
Formation
Variable up to 
1,000 ft.
Arkose, arkose conglomer­
ate quartz greywacke, grey- 
wacke, siltstone - mainly 
arkosic rocks and siItstone.
Basal unit of Batchelor Group. 
Lenses out north and south of 
Rum Jungle dome. Maximum 
development about four miles 
east of Rum Jungle.
Arch­
aean
Hermit Ck.
Metamor-
phics
Not
known.
Migmatite granulite, quartz) 
and mica schist, quartzite.)
Myra Palls
Metamor-
phics
Not
known.
Banded amphibolite,garnet , 
mica schist, mica schist.
fjpf ^
Unconformably underlie Agi- 
condian Series.
Basement rocks to Pine Creek 
Geosyncline in different loc­
alities.
Stag Creek 
Volcanics
Not
known.
Altered basalt,amygdaloidal> 
basalt and basalt agglomer-' 
ate (greenstones) ,
TABLE 2
SUMMARY OF PRECAMBRIAN NOMENCLATURE. NORTH-WESTERN AUSTRALIA 
(NOTE: Only names in common usage in publications prior to 1954 are considered here*)
Name Reference Present status and name used in this thesis
Upper Precambrian David (1950)
Middle Precambrian w
Lower Precambrian "
Upper Proterozoic 
Lower Proterozoic 
Archaean
Lower Proterozoic_____
Mosquito (Creek) Series
Brocks Creek Group
Pine Creek Series 
Golden Dyke Series 
Golden Dyke Group 
Pine Creek Group 
Union Group 
Muldiva Series
Muldiva Stage 
Adelaide River Series
Agicondi Series 
Davenport Series
Upper Proterozoic 
Buldiva Quartzite
David, 1932, 1950 & 
numerous early reports
Noakes (1949)
Voisey (1939) 
Voisey (1939)
A.G.G.S.N.A.*
II
It
Voisey (1939)
A.G.G.S.N.A.
A.G.G.S.N.A.
Jensen, 1919; Hossfeld, 
1954
Hossfeld, 1959
Noakes, 1949
Buldivan Series Hossfeld, 1954
Not extended beyond type area in Pilbara region 
of Western Australia, because of lack of data 
on succession in that area, and because those 
rocks have not been dated. In north-western 
Australia here referred to as Agicondi Series. 
Most West Australian publications still retain 
Mosquito Creek and refer it to the Archaean 
(Archaeozoic). Lower Proterozoic (or Middle 
Precambrian) is not recognized in Western 
Australia where all rocks below "Nullagine" 
are termed Archaeozoic.
Named mainly from area covered by Burrell 
Creek and Golden Dyke Formations, but was 
extended to cover all Agicondian rocks of 
Kätherine-Darwin region. The name is no 
longer in use.
Part of Burrell Creek Formation.
Golden Dyke Formation.
Golden Dyke Formation.
Part of Burrell Creek Formation.
Part of Burrell Creek and Noltenius Formations 
and lower members of Chilling Sandstone. Refers 
to Agicondian rocks of Daly River area.
tt tt ii
Mainly Burrell Creek and Noltenius Formations 
but probably included some of the rocks of 
the Run Jungle area. Name no longer in use. 
Both names applied here generally as outlined 
by Hossfeld. Jensen's Agicondi Series was 
restricted mainly to Burrell Creek, Golden 
Dyke and Masson Formations.
Used by Noakes to cover whole Upper Proterozoic 
sequence of Kätherine-Darwin region. Now res­
tricted to Buldiva Sandstone of Tolmer Group. 
Used by Hossfeld in broader sense than Noakes 
to cover most of the Upper Proterozoic rocks 
and part of the Cambrian sequence of Northern 
Australia. Now restricted as outlined above.
* A.G.G.S.N.A. refers to reports by the Aerial Geological and Geophysical Survey of Northern 
Australia. Names quoted are referred to later by Hossfeld (1954) or Noakes (1949)*
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Name Reference Present status and name used in this thesis
Nullagine Series David (1932, 1950) Originally extended from Pilbara area and 
used for rocks of Kimberley Region. Later 
subdivided by Guppy et al. ( ,95Q ) and 
assigned here to Davenportian and Upper 
Proterozoic sequences. Nullagine has also 
been tentatively correlated with the Upper 
Proterozoic of Katherine-Darwin region. It 
no longer applied there because of uncertainty 
as to the actual sequence thickness and rank 
of the Nullagine "Series" itself, and its 
stratigraphic position in relation to other 
Upper Proterozoic units.
-  18 -
ARCHAEAN
The Archaean rocks of the Katherine- 
Darwin Region unconformably underlie the Agicondian 
rocks of the Pine Creek Geosyncline, By inference 
they constitute the source rocks for Agicondian 
sediments and form the basement on which they were 
deposited. The Archaean age of these rocks is 
deduced from their geographical position in relation 
to the Agicondian succession, and the strong meta- 
morphic and (inferred) structural unconformity with 
the Pine Creek Geosyncline sediments.
They crop out in three main areas. These 
are the Oenpelli-Myra Palls area on the north­
eastern flank of the Pine Creek Geosyncline, the 
Hermit Creek area on the western side, and the South 
Alligator River area, within the geosyncline. The 
sedimentary environments within the Pine Creek 
Geosyncline indicate that basement rocks should 
occur roughly in the general area where Archaean 
rocks have been mapped.
The structural trend of the Archaean rocks 
in the Hermit Creek area is predominantly east and 
therefore normal to the overall northerly trend 
of the Lower Proterozoic rocks in this area. In 
the Myra Palls area, the Archaean trend is also
-  19 -
easterly but the rocks immediately to the west 
cannot be differentiated because of poor outcrop; 
and the trends - determined by photo-pattern - 
cannot be defined in terms of age.
The Archaean rocks have undergone strong 
regional metaraorphism whereas the Agicondian rocks 
have not; they are intruded by Agicondian dolerite 
dykes and by the Nimbuwah granite near Oenpelli; 
the Litchfield Complex near Hermit Creek. The 
rocks in the Oenpelli area are the Myra Falls Meta- 
morphics and include quartz-mica schist, garnet- 
hornblende schist, banded amphibolite (probably 
altered dolomite sediments), and greenstone. The 
Hermit Creek Metamorphios are highly weathered 
migmatite, quartzite and mica schist. Outcrop 
in this area is very poor and does not allow a 
close study of the rocks.
The Stag Creek Volcanics consist of 
highly altered basic lavas, amygdaloidal lavas 
and agglomerate.
They are referred to locally as "green­
stone”, and crop out along the valley of the South 
Alligator River (Plate 2) as a narrow belt probably 
faulted against rocks of the Masson Formation; as
20
isolated inliers underlying Masson Formation 
sediments in the Coirwong area? and in the core 
of a dome in the Mundogie Hill area, where they 
underlie conglomerate and sandstone of the Mundogie 
Sandstone Member of the Mt. Partridge Formation.
No actual contact between the Stag Creek 
Volcanics and the overlying sediments has been 
observed and they are assumed to be of Archaean 
age because: they are highly metamorphosed; they
underlie rocks of two formations in the Lower 
Proterozoic sequence: they crop out in places where
the sedimentary environments of the Lower Proterozoic 
rocks and, to a lesser extent, gravity data suggest 
a basement high should exist; and similar rocks 
have been found as rare pebbles in conglomerate of 
the Mt. Partridge Formation.
LOWER PROTEROZOIC
AGICONDI SERIES 
General
The Lower Proterozoic rocks of the 
Katherine-Darwin region belong to the Agicondi 
Series. They are a geosynclinal facies and were 
deposited in a fairly shallow, composite structure - 
the Pine Creek Geosyncline. Only part of the
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geosyncline is exposed, "but the visible sedimentary 
record gives a good picture of the evolution of the 
geosyncline, particularly as the sediments are prac­
tically unmetamorphosed. Such metamorphism as has 
taken place is confined mainly to contact aureoles 
around some of the granitic intrusions and to the 
rocks on the margins of the geosyncline, where, in 
some places, andalusite and mica schists and phyllites 
have been developed in sheared zones. However, the 
metamorphism has nowhere completely obliterated the 
original character of the sediments.
The evolutionary picture is further 
clarified by the fact that the original form of 
part of the basin of deposition is still retained, 
despite the folding - each of the formations mapped 
still occupies its original position in space within 
the geosyncline, relative to the units with which it 
is in contact. This is shown by the Masson/Golden 
Dyke and the Golden Dyke/Burrell Creek contacts as 
illustrated on Plate 1.
Pour rock units of Group rank have been 
recognized. Each of these is a particular facies 
assemblage and each is subdivided into a number of
formations
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The distribution of the rock units present 
is shown on Plate 1 and their interrelationships by 
Figure 4*
Batchelor Group
The Batchelor Group (Malone (1958)) 
consists of four formations which crop out in two 
domes in the Batchelor area, fifty miles south of 
Darwin. The cores of these structures are occupied 
by the Rum Jungle and Waterhouse Granites (Plate 3) 
which have intruded and domed the sediments of the 
Batchelor Group.
The formations consist of alternating 
clastic and dolomitic rocks. Arkose occurs in the 
basal formation. They are markedly lenticular and 
this feature, together with facies changes within 
the formations, suggests a restricted development 
probably not extending very far south and west 
beyond the present area of outcrop. They are the 
oldest rocks exposed in the north-western section 
of the geosyncline. The western limit of outcrop 
is partly determined by a north-trending fault which 
marks the eastern margin of a structure mapped as 
the Finniss River Graben (Plate 9 )• This graben 
is occupied by younger sediments of the Burrell
Creek and Noltenius Formations. The northern and
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eastern limits of the Batchelor Group are determined 
by the conformably overlying rocks of the Golden 
Dyke Formation. The southern and south-eastern 
limits are a disconformity against the overlying 
Burrell Creek and Noltenius Formations.
i) Beestons Creek Formation
The Beestons Creek Formation crops out 
around the Rum Jungle Dome. The Formation has a 
maximum thickness of about 1,000 feet and lenses out 
on the south-western flank of the dome. It consists 
of arkose, arkose conglomerate, quartz greywacke, 
greywacke and siltstone. In the northern area of 
outcrop it is mainly arkose and siltstone. Arkose 
is the most common rock type and, with arkose con­
glomerate, constitutes about half of the total 
volume of rock in the formation. The arkose commonly 
consists of coarse angular grains of felspar and 
quartz in a kaolinitic matrix. The arkose con­
glomerate is composed of rounded pebbles of jaspil- 
ite, quartz and quartzite, up to two inches in 
diameter and in a matrix of coarse fragments of 
felspar and quartz*
The siltstone in some places has been 
metamorphosed to a low-grade schist. The quartz 
greywacke is coarse to medium-grained and in one
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place is overlain by a cross-bedded., brown, micaceous 
greywacke.
ii) Celia Dolomite
The Celia Dolomite overlies the Beestons 
Creek Formation and like it lenses out on the south­
western flank of the Rum Jungle dome. The Formation 
consists mainly of dolomite and dolomite breccia, now 
metamorphosed in different places to tremolite schist 
and calc-silicate hornfels. In some places the dolo­
mite has been recrystallized to a coarse siliceous 
marble. Well developed algal fossils are present 
near the head of Coomalie Creek, and abundant but 
less well preserved algae occur in other places. 
These, together with the dolomitic breccias, strongly 
suggest that the formation is a reef facies.
The formation has a maximum thickness of 
about 1,000 feet.
iii) Crater Formation
The Crater Formation overlies the Celia 
Dolomite. It has the most extensive development of 
any unit in the Batchelor Group and crops out around 
the flanks of both domes and in the core of a complex 
anticline, north of the Manton River. The Formation 
is well exposed on the flanks of the Rum Jungle Dome. 
Here it has a maximum thickness of about 2,000 feet,
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and consists of quartz greywacke, felspathic sand­
stone, felspathic quartz-pebble conglomerate, quartz 
sandstone, siltstone and minor arkose. The quartz- 
pebble conglomerate occurs as lenses up to one 
hundred feet thick and is commonly radioactive. The 
radioactivity is due to thorium, but the source has 
not yet been identified, A bed about 80 feet thick 
of pyritic carbonaceous dolomitic siltstone with 
chert lenses and nodules forms a prominent marker 
within the Formation, In some places, this bed has 
been slumped and brecciated. The chert lenses and 
nodules are sedimentary features clearly of dolo- 
raitic origin. In places the nodules are several 
inches in diameter. This unit has been described 
by Dodd (1953) as the "Hematite Boulder Conglomerate". 
The hematite is due to oxidation of pyrite.
The Formation lenses out on the north­
western flank of the Rum Jungle dome. It crops out 
around the Waterhouse dome, but here changes from 
the dominantly felspathic sediments of the Rum 
Jungle area to a medium-grained friable white quartz 
sandstone only a few hundred feet thick and contain­
ing only minor lenses of the rock types noted above.
Fig. 5 Hermit Hill area showing typical topography of grass
swamps and low rises in the area underlain by Archaean 
metamorphics. The out-crops in the foreground are 
barren quartz veins possibly associated with Protero­
zoic intrusions.
Fig. 6 Algal structures: Coomalie Dolomite, Rum Jungle area
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iv) Coomalie Dolomite
The Coomalie Dolomite overlies the Craiter 
Formation. It lenses out in the Stapleton area, west, 
of Manton Dam, and near Mt. Fitch (Plate 3), hut; is 
exposed around the eastern margin of both domes, in 
the synclinal structure between the domes, and In 
the area north of Manton Hiver. It has a maximum 
thickness of about 1,000 feet and is very similar 
to the Celia Dolomite. It consists of silicified 
dolomite interbedded with calcilutite and siltsfeone 
with, in some places, reef structures containing 
poorly preserved algal fossils (see Fig. . In 
some places the rocks have been metamorphosed to 
tremolite schist and coarsely crystalline marble.
The Batchelor Group is similar to the 
Mt. Partridge Formation and differs only in tha"t it 
contains two dolomitic formations characterized by 
the presence of algal reef structures, and in the 
fact that it is more restricted in plan width and 
lateral extent.
Goodparla Group
i) Mt. Partridge Formation
The Mt. Partridge Fornation crops out 
around the northern and north-eastern margins of 
the geosyncline (Plate l). It is a complex unit
Fig, 7 Outcrop of coarse arkose of Mt. Partridge Formation 
near Mt. Basedow
Fig, 8 JLrkose conglomerate, Mt. Partridge Formation, Pine 
Creek-Cannon Hill Track.
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characterized in places by very marked and irregular 
lensing and admixture of arenite, rudite and lutite, 
and by irregular lateral gradations and interfinger­
ing of the different rock types present. It contains 
a wide range of sediments, but lack of outcrop in 
many areas and the scale at which the mapping was 
carried out did not allow it to be subdivided. Two 
main assemblages of rock types have been recognized; 
but again it was not possible to draw a boundary 
between them.
In the Jim Jim Creek - Mt. Partridge area, 
the Formation consists of coarse arkose containing 
fragments of felspar and quartz up to half an inch 
in diameter; arkose conglomerate consisting of 
polymictic boulders in a matrix of coarse felspar 
and fine quartz fragments; (see Figs. 7* 8, and 9)» 
siltstone, coarse greywacke conglomerate, quartz- 
pebble conglomerate, quartz greywacke and fine 
friable white quartz sandstone. In some places 
the conglomerate contains angular and rounded 
fragments and pebbles of greenstone and banded 
amphibolite, both of which have been recognized 
in the rocks of the underlying basement complex. 
Strong shearing in zones within these rocks has 
resulted locally in metamorphism to mica schists,
Fig. 9 Sheared arkose conglomerate, Mt. Partridge Formation 
Mt. Partridge. Coarse felspar fragments can be seen 
marked X.
Fig, 10 Ripple-marked coarse grained quartz sandstone, Mun-
dogie Sandstone Member, Mt. Partridge Formation, Mundogie Hill.
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schistose conglomerate and phyllite. In some places, 
shearing of the coarse arkose has re-aligned the 
felspars and locally given the rocks the macro­
scopic appearance of a gneiss. At Mt. Basedow, a 
bed of siltstone about two feet thick has been almost 
entirely transformed to coarse biotite. An ilmenite- 
rich siltstone, consisting of fine angular to sub- 
angular grains of ilmenite in a matrix of fine 
quartz, crops out between the estuaries of the South 
and West Alligator Rivers. As in the case of the 
quartz—pebble conglomerate on the Crater Formation, 
a number of lenses of arkose and felspathic con­
glomerate in the Mt. Partridge Formation show radio­
activity caused by thorium from an unidentified 
source.
The intensity of shearing and dynamic meta­
morphism decreases to the west, and in the Mundogie 
Hill area the rocks are not metamorphosed. Here 
they consist mainly of sandstone and siltstone with 
some conglomerate. There is no arkose. The con­
glomerates contain little or no felspathic material 
iin their matrices and no fragments of amphibolite 
amd greenstone such as are present in the conglomer­
ates at Mt. Partridge. This regional change in 
facies to the west indicates an easterly provenance
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for these rocks. In places, the sandstone is blocky, 
coarse-grained, ripple-marked (see Fig. 10) and cross- 
bedded, and grades laterally through sandy siltstone 
to siltstone. These rocks have been mapped apart 
from the main bulk of the Formation and named the 
Mundogie Sandstone Member.
Farther to the west and north in the 
Wildman, Mary and Adelaide River areas, the Mt. Part­
ridge formation crops out mainly as sandstone or 
pebble conglomerate. Outcrop is very poor. It is 
possible that these rocks correspond to the Mundogie 
Sandstone and that the arkosic terrain may be either 
farther north and therefore non-outcropping, or 
absent.
The Mt. Partridge Formation crops out 
west of the main outcrop area of the Archaean 
Myra Falls Metamorphics. No contact between the 
two units has been found. The superposition of 
the Mt. Partridge Formation over the Myra Falls 
Metamorphics is based on the strong metamorphic 
unconformity between the two units and on rare 
pebbles in the conglomerate of the Mt. Partridge 
Formation which can be matched with Myra Falls
Metamorphics
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No accurate estimate of thickness can be 
made for the Mt. Partridge Formation. It probably 
lies on an irregular basement and the thickness 
may be expected to vary over a considerable range 
from place to place. The maximum thickness may be 
about 10,000 feet. The formation crops out over 
an area about 40 miles wide.
By contrast, in respect to width of 
outcrop, it is markedly different from the Batchelor 
Group - and this difference is interpreted as being 
due mainly to the profile of the basement on which 
the rocks were deposited.
ii) Masson Formation
The Masson Formation crops out around the 
northern and eastern sections of the geosyncline.
The western limit is a tongue ranging up to 2,500 
feet thick (the Acacia Gap Tongue), which inter­
fingers with the Golden Dyke Formation in the Rum 
Jungle area (Plates 1, 3). From here the Masson 
Formation crops out as far north as the 18-mile 
peg on the Stuart Highway south-east of Darwin, 
and extends in a broad sweep east to the Mary River, 
In the Mt. Masson area (Plate 1) the plan of the 
outcrop of the Formation shows a large anticlinal 
bulge which transgresses the otherwise fairly
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regular, south-east trending line of outcrop of 
the Formation, The west flank of the anticline 
is marked by a zone of shearing and by intrusions 
of basic dykes. The most southerly outcrop of 
the Formation is on the divide at the head of 
the South Alligator River,
The Formation is estimated to range up 
to 8,000 feet thick. It consists mainly of siltstone 
with prominent beds and lenses of quartz greywacke, 
greywacke and sandstone. Other lithologies present 
are carbonaceous pyritic siltstone, carbonaceous 
siltstone, minor quartz pebble conglomerate, grey­
wacke conglomerate and pyritic carbonaceous silt­
stone with lenses, bands and nodules of carbonate 
rocks, now mostly transformed to chert. The For­
mation contains - as a rough estimate - about 70$ 
by volume of lutite as against 30$ of arenite,
Rudites and carbonate rocks are admixed with the 
arenites and lutites respectively but are present 
in minor proportions only.
Most of the arenites are greywacke or 
quartz greywacke ranging from fine to coarse­
grained rocks, Dolomitic rocks, with minor 
exceptions, are concentrated on or near the 
western boundary of the Formation,
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The siltstone commonly crops out as a 
reddish coloured rock very similar in outcrop to 
the siltstone of the Burrell Creek Formation, In 
some places, however, diamond drilling or deep creek 
sections have shown the unweathered rock to be 
carbonaceous and pyritic. Its surface expression 
is a result of oxidation with bleaching of the car­
bonaceous content and impregnation of the rock with 
iron oxides derived from pyrite. The pyrite is 
commonly very fine grained and presumably syngen- 
etic. Surface oxidation is a common feature of 
this type of rock in Northern Australia, but the 
secondary effects differ with the locality and it 
is not always possible to determine macroscopically 
whether or not the sediment is carbonaceous and 
pyritic at depth. In the Masson Formation, a high 
proportion of the siltstone is believed to be car­
bonaceous, In most places it is pyritic. The 
siltstones of the Burrell Creek Formation on the 
other hand, are neither pyritic nor carbonaceous.
The arenites commonly crop out as len­
ticular bodies with a strike length in some places 
of several miles and a thickness of only a few 
hundred feet. A good example of this type of 
deposit is the Coirwong Greywacke - a member within
Fig. 12 Cross bedded quartz greywacke, Masson Formation. 
Goodparla area.
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the Masson Formation which crops out along the 
valley of the South Alligator River (Plate 2),
This member has a strike length of about 50 miles 
and a maximum thickness of only about 500 feet.
Scours, and cross bedding (Fig. 12) 
are present in the Coirwong Gorge and Goodparla 
areas, but are not common in the Formation as a 
whole. Some of the rocks in the Coirwong Gorge 
area could conceivably be placed in the Mt. Part­
ridge Formation; but the boundary between the 
two formations is gradational, and in this case 
has been arbitrarily chosen. It has commonly been 
determined by the presence (Masson) or relative 
absence (Mt. Partridge) of the large lenses of 
arenite in carbonaceous siltstone which typify 
the Masson Formation.
The Masson Formation is in part a lateral 
gradation of the Mt. Partridge Formation and has 
been derived by reworking and redistribution of 
material initially deposited with the Mt. Partridge 
sediments. In part it overlies the Mt. Partridge 
Formation, but extends farther into the basin of 
deposition. It is probable that the Masson For­
mation lies directly on basement in some places.
Much the same relationship exists between
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the Masson Formation and the Golden Dyke Formation - 
the Masson Formation in part underlies, in part 
grades into, and in part interfingers with the 
Golden Dyke Formation. In the Rum Jungle area the 
Acacia Gap Tongue of the Masson Formation lies above 
the base of the Golden Dyke Formation (Plate 3).
In the Mt. Bundey area the boundary is gradational 
and represents a transition from carbonaceous silt- 
stone, siltstone, arenite (Masson) to a carbonaceous 
siltstone, siltstone, dolomite (Golden Dyke) as 
illustrated by Fig. 32. South of Mt. Douglas, the 
boundary between the two Formations is much sharper, 
and the contact is commonly faulted and intruded by 
dolerite dykes. Near the Pine Creek-Goodparla track, 
the Masson and Golden Dyke Formations are locally 
interfingered. 
iii) Golden Dyke Formation
The Golden Dyke Formation occupies the 
central trough zone of the geosyncline. It crops 
out to the west and south of the Masson Formation in 
the eastern and northern sections of the geosyncline 
and in the Rum Jungle area. Near Stapleton siding, 
the Formation thins out and locally interfingers 
with the Stapleton Formation. South of Stapleton 
siding it is disconformably overlain by the Burrell
Fi9-
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Creek and Noltenius Formations. There is no 
evidence to suggest that the Golden Dyke rocks 
originally extended more than a few miles west 
beyond the Rum Jungle area (see Fig. 35 and Plate 3).
The Formation has a maximum thickness of 
about 9,000 feet and contains a mixed lithology 
consisting mainly of dolomitic and carbonaceous 
siltstone, quartz siltstone, chert and dolomite*
The chert is considered to be a diagenetic alteration 
product of dolomitic sediments. Pronounced slumping 
is a feature of the dolomitic rocks (Fig. 14) and 
the chert. Slump breccias (Fig. 15) are common.
In the Rum Jungle and Mt. Bundey areas 
the unit consists mainly of carbonaceous siltstone 
and dolomitic, carbonaceous shale. The dolomite 
bands are from half an inch to three inches thick. 
Pyrite is a common constituent of the carbonaceous 
rocks in this and other areas. Some siltstone and 
quartz siltstone are present, but are subordinate 
to the carbonaceous and dolomitic rocks.
South of Mt. Douglas, the Formation is 
mainly chert and carbonaceous siltstone. Minor 
pyritic carbonaceous dolomitic siltstone with chert 
lenses and nodules is also present.
In the Brocks Creek and Burrundie areas,
Fi,?, 14 Slumped thin bedded pyritic carbonaceous siltstone
^ith silioified dolomitic bands* Golden Dyke For­
mation* Mt* Bundey area*
Pi». 15 Typical slump breccia derived from carbonaceous silt- 
stone with dolomitic bands« Golden D/ke Formation, 
Mt« Bundey area.
Fig» 16 Pyritic carbonaceous siltatone with chert lenses and 
nodules (after dolomite)« Golden Dyke Formation, Mt. 
Bundey area« Scale is 6*' rule.
Note: This rock type is also found in the Masson Cr ter and
Koolpin Formation (see Figs. 30 and 31).
Fig. 17 Thin bedded dolomite. Golden Dyke Formation. Evelyn 
Mine area.
Fig. 18 Folded quartz siltstone chert and minor carbonaceous 
siltstone. Golden Dyke Formation, Knights Creek, 
Burrundie area.
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the rock types include quartz siltstone, carbon­
aceous siltstone, dolomite, some prominent bands 
of nodular pyritic, carbonaceous and doloraitic 
siltstone, and minor thin-bedded dolomitic silt­
stone. Chert crops out extensively in the eastern 
part of this area, but is not common west of the 
Margaret River. The quartz siltstone occurs near 
the top of the formation.
The rocks are markedly lenticular, and 
lithological boundaries in many places transgress 
the trends of fold structures. Intense slumping is 
a feature of the chert in the Burrundie area and 
of the thin-bedded carbonaceous, dolomitic shales 
in the Stapleton area.
On the Mary River area east and south of 
Burrundie, the formation is composed mainly of chert 
and carbonaceous siltstone with lenses of dolomite 
and thin bedded dolomite (Pig. 17)* Nodular pyritic 
and carbonaceous beds occur in places.
* The Golden Dyke Formation is in contact
with three overlying Formations. These are the 
Noltenius, Burrell Creek and Stapleton Formations.
The contact with the Noltenius Formation is a 
regional disconformity; with the Burrell Creek 
Formation, in part interfingered, in part gradational.
Fig 33.
DIAGRAMMATIC RELATIO NSH IP  B E T W E E N
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These relationships are further discussed in Part 2. 
Finniss River Group
The Finniss River Group includes the Nol- 
tenius, Burrell Greek and Stapleton Formations and 
the Berinka and Dorothy Volcanics. It is essentially 
a greywacke assemblage marked by features indicating 
deposition from turbidity currents and in which the 
formation boundaries recognized are necessarily trans­
gressive in time. In effect, the breaking up of the 
group into formations has been based on a distinction 
between fine arenite (Burrell Creek) and medium to 
coarse arenite with associated rudite (Noltenius), 
Absence of coarse arenite defines Burrell Greek For­
mation; but the fine arenite may be and is present 
in the Noltenius Formation. Lutite is common to both 
units. The interrelationships between these units 
are shown diagramraatically in Fig. 33. 
i) Noltenius Formation
Rocks belonging to the Noltenius Formation 
are confined to the western section of the geosyncline. 
They crop out in a belt extending south from Darwin 
to the Muldiva Creek area and east to the Adelaide 
River. A few minor lenses crop out about 15 miles 
south of Marrakai homestead (Plate l).
The Formation consists of turbidity current
Fig. 19 Interbedded quartz siltstone and greywacke, Noltenius 
Formation. George Creek area.
Fig. 20 Features of turbidity current deposition, in Noltenius
Formation, Finniss River area. Graded beddng, lead casts 
and incipient pull aperts with injections from below.
Fig. 21 Interbedded ripple-marked quartz siltstone quartz 
greywacke and greywacke. Noltenius Formation, 
Adelaide River area.
Fig. 22 "Sand volcanoes" in greywacke of Noltenius Formation.
Outcrop to right front of ripple marked face shown in 
Fig. 21.
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deposits (Fig. 20) mainly quartz greywacke, greywacke, 
and siltstone, but including irregular deposits of 
conglomerate (Fig. 23)» graded sandstone, arkose, 
claystone, micaceous greywacke siltstone and quartz 
siltstone. The conglomerate includes pebble and 
cobble conglomerate. These are characteristic of 
the Formation and make up about 10$ - 20$ by volume 
of the succession. They consist of rounded to sub- 
angular quartz and quartzite pebbles in a matrix 
of fine to medium greywacke.
Very coarse greywacke breccia with angular 
boulders of dolomite up to two feet in diameter, 
crops out in the Mt. Hayward area. Arkose crops 
out in the Muldiva area.
Well-developed graded bedding, cut and fill 
structures and other features of density current 
deposition are also characteristic of the Noltenius 
Formation. Load casts (Fig. 24) and sand volcanoes 
(Fig. 22) are also common. Ripple marks (Fig. 21) 
are not common but are found in places associated 
with or near exposures of sand volcanoes.
With the exception of some local occurrences 
of irregular masses of conglomerate and coarse-grained 
quartz greywacke (Fig. 23) such as those found in 
the area south of Adelaide River township, argil-
Fig. 23 Coarse' conglomerate, with associated quartz greywacke.
These rocks commonly show well developed graded bedding. 
Noltenius Formation, five miles south of Adelaide River.
Fig. 24 Load, casts in greywacke, Noltenius Formation, George 
Creek area.
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laceous rocks are intimately intercalated with the 
arenaceous rocks throughout the succession (Fig. 19)*
In general, arkose, and coarse greywacke 
breccia are minor and local constituents. They are 
found only in the western part of the area. Here 
and elsewhere medium quartz greywacke or greywacke 
is the dominant arenite.
The rocks of the Noltenius Formation have 
been strongly sheared in zones within an irregular 
belt about ten miles wide, extending from Darwin 120 
miles south to the Muldiva Creek area. In places 
within this belt the rocks have been metamorphosed 
to andalusite and mica schists and injected with tin 
and tantalite-bearing pegmatite veins (Summers, 1957)«
ii) Stapleton Formation
The Stapleton Formation is restricted to 
the area near Stapleton Siding on the Darwin-Birdum 
railway line south of Rum Jungle (Plate 3). It lies 
between the Golden Dyke and the Burrell Creek For­
mation. It has some of the characteristics of both 
these units and interfingers with each of them.
The main lithology however, suggests that it is a 
local variant of the Noltenius Formation.
The Formation consists of carbonaceous 
greywacke, carbonaceous and greywacke silts tone,
Diagram Showing Known and Possible Distribution
of Sediments o f Finniss River Group and Chilling
Sandstone
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quartz greywacke, siltstone, and minor pebble con­
glomerate. As such it represents a combination of 
the Golden Dyke lithology, as indicated by the car­
bonaceous rocks, and the typical greywacke and silt- 
stone of the Noltenius and, to a less extent, of the 
Burrell Creek Formations. A similar combination is 
present at the Golden Dyke-Burrell contact in the 
Burrundie area, and near Mt. Bundey; but only in 
the Stapleton area it is sufficiently marked to 
warrant mapping as a separate formation.
iii) Burrell Creek Formation
The Burrell Creek Formation was the unit 
best known to the earlier workers in the Katherine- 
Darwin region. These rocks have been named and 
renamed and described as rocks ranging in type from 
"redwacke" to tuff and slate. The reason for the 
direct and indirect attention shown to them in the 
past lies in the fact that they contain most of the 
old gold and tin workings of the region and crop out 
extensively along both the railway line and the old 
north-south road.
The Formation crops out between the Mary 
River in the east and the Daly River in the west, 
and extends from Marrakai Homestead in the north to 
Maranboy in the south (Plate l). It consists mainly
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of medium to fine grained greywacke and quartz 
greywacke, greywacke siltstone, siltstone, and 
minor lenses of claystone, quartz sandstone, quartz 
siltstone and conglomerate. The greywacke and silt­
stone members occur as lenses from a few feet to 
over three hundred feet in thickness.
The greywacke is similar to that within 
the Noltenius Formation but is commonly finer 
grained. Quartz greywacke predominates. Typical 
specimens which could readily belong to either For­
mation are shown in Figs. 2 and 3 (see Page 12 & 13)*
Missing in the Burrell Creek Formation 
is the well developed macroscopic graded bedding 
of the arenite, and the characteristic quartz pebble 
and cobble conglomerate of the Noltenius Formation.
Tuffs have been identified at Maranboy 
(Walpole, 1958(a)) and the Dorothy Creek Volcanics, 
a sequence of basic lavas and pyroclastics of 
unknown thickness (but probably less than 2,000 
feet), are folded with Burrell Creek Formation in 
the Katherine area: but the greywacke-siltstone
lithology is dominant and probably constitutes over 
90$ by volume of the formation. Conglomerate crops
out as minor lenses near Wolfram Hill and north of 
Mt. Douglas. In the latter locality the conglomerate 
pebbles include rhyolite and jaspilite. Jaspilite
Flg» 25 Typioal exposure of intarbedded siltstone and greywacke, 
Burrell Creek Formation.
Fig. 26 "Tombstone Greywacke”, Burrell Creak Formation
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p e b b l e s  a r e  known o n ly  i n  one o t h e r  l o c a l i t y  -  i n  
t h e  b a s a l  a r k o s e  c o n g l o m e r a t e  o f  t h e  B e e s t o n s  C r e e k  
F o r m a t i o n  n e a r  Manton Dam. Q u a r tz  s i l t s t o n e ,  q u a i r t z  
s a n d s t o n e  and  c l a y s t o n e  a r e  m inor  components  o f  t h e  
F o r m a t i o n .  C a l c a r e o u s  greywacke  o c c u r s  i n  a number  
o f  p l a c e s  and ,  l i k e  most  c a r b o n a t e - r i c h  ro c k s  i n  t h e  
K a t h e r i n e - D a r w i n  r e g i o n ,  i s  commonly s i l i c i f i e d  a t  
t h e  s u r f a c e .  M o s t ly  i t  c r o p s  o u t  i n  a  manner t h a t  
ha s  c a u s e d  i t  t o  be r e f e r r e d  t o  by t h e  f i e l d  name o f  
" to m b s to n e  greyw acke"  ( F i g .  2 6 ) .  I t  o c c u r s  m a i n l y  
n e a r  t h e  b a s e  o f  t h e  F o r m a t i o n .  Some o f  t h e  " to m b ­
s t o n e s "  a r e  m in o r  slump r o l l s  m o d i f i e d  by f r a c t u r e  
c l e a v a g e .
The B u r r e l l  C reek  F o rm a t io n  i s  i n  c o n t a c t  
w i t h  t h e  N o l t e n i u s ,  S t a p l e t o n  and G olden  Dyke F o r ­
m a t i o n s .  By t h e  l i t h o l o g y  and f i e l d  r e l a t i o n s h i p s  
i t  forms a l a t e r a l  f a c i e s  change o f  t h e  N o l t e n i u s  
F o r m a t i o n .  The g r a d a t i o n  from c o a r s e  t o  f i n e  i s  
e a s t e r l y ,  i n d i c a t i v e  o f  a  w e s t e r l y  p r o v e n a n c e .  I t  
r e p r e s e n t s  m a t e r i a l  f r a c t i o n a t e d  o f f  f rom sedim ient  
d e p o s i t e d  a s  t h e  N o l t e n i u s  F o r m a t io n ,  and t h e n  
c a r r i e d  f a r t h e r  e a s t  i n t o  t h e  main t r o u g h  o f  t h e  
g e o s y n c l i n e .  I n  most  p l a c e s  i t  o v e r l i e s  t h e  G o ld e n  
Dyke F o r m a t i o n .  The c o n t a c t  i s  commonly g r a d a t i o n a l ,  
r a n g i n g  t h r o u g h  a few f e e t  t o  a b o u t  f o u r  h u n d r e d  f e e t  
o f  mixed c a r b o n a c e o u s  r o c k s  and greywacke  w i t h  m ino r
Fig. ?7 Scarp of Chilling Sandstone with Noltemius Fo raation 
in foreground Chilling Creek area*
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dolomitic sediments. In some places the contact 
is sharp and is probably disconformable.
iv) Berinka Volcanics
The Berinka Volcanics crop out about 25 
miles south-south-west of the Daly River Police 
Post (Plates 1 and 4)« They are composed of 
spherulitic rhyolite, ashstone, tuff, amygdaloidal 
intermediate volcanics and granophyre, and are inter- 
bedded with quartz siltstone of the Noltenius For­
mation.
Chilling Sandstone
The rocks of the Chilling Sandstone were 
included in the Victoria River Group by Traves (1955)- 
Hos3feld (1954) shows part of the outcrop of the 
Chilling Sandstone as being of Middle Proterozoic 
age. In an earlier publication, Hossfeld (1937(D)) 
referred to them as the basal member of the "Muldiva 
Sta^e”, which is now included in the Noltenius For­
mation. Voisey (1939) also considered the Chilling 
Sanistone as part of the "Muldiva Stage”. Hossfeld 
and Voisey did not map the gradational contact 
betveen what are now called the Noltenius Formation 
and the Chilling Sandstone and the fact that the 
Chilling Sandstone is higher in the sequence than
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the Noltenius Formation, Hossfeld (1954) also did 
not recognize the continuity of the Chilling Sand­
stone with his "Middle Proterozoic” Victoria River 
Beds,
Bureau of Mineral Resources geologists 
(D.A. White, personal communication) who mapped the 
area shown in Plate 4 have shown that the Chilling 
Sandstone is a lateral and vertical facies change of 
the Noltenius Formation and hence is part of the 
Lower Proterozoic sequence of the Pine Creek Geo­
syncline, The main area of outcrop is in the south­
western corner of the Katherine-Darwin region (Plate l), 
and extends beyond this region at least eighty miles 
to the Ord-Victoria area - Plate 8. The formation 
crops out north of the general Chilling Creek area 
only as two isolated pendants on the Litchfield 
Complex (Plate l).
The formation consists mainly of quartz 
sandstone, in some places ripple-marked and cross- 
bedded and ranging in grainsize from fine to coarse. 
Minor conglomerate, argillaceous and felspathic 
sediments occur in places.
South Alligator Group
The South Alligator Group crops out on the 
eastern side of the geosyncline. The western boundary
Fig. 3 4 .
D I A G R A M M A T I C  R E L A T I O N S H I P S  B E T W E E N
K O O L P IN  A N D  G E R O W IE  F O R M A T I O N S
A N D  F IS H E R  C R E E K  S IL T S T O N E
Koo/pm F orm ation
Masson and Mt.Partmdqe 
____Formations
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of the group lies along the valley of the South 
Alligator River and is commonly faulted against 
the Coirwong Greywacke Member of the Masson For­
mation or against basement rocks - the Stag Creek 
Volcanics. In part this boundary is a regional 
disconformity against the Masson Formation. The 
northern boundary of the group is a regional dis­
conformity against the Mt. Partridge Formation.
The eastern and southern limits of the Group are 
unconformably covered by Upper Proterozoic rocks.
The subdivisions recognized are the Koolpin For­
mation, Gerowie Chert and the Fisher Creek Siltstone. 
The Group is characterized by the marked predominance 
of lutite, and the presence of a discontinuous reef 
facies along the western boundary.
The inter-relationship of the Formations 
is shown diagrammatically in Fig. 34.
i) Koolpin Formation
The Koolpin Formation is composed of two 
main members - a dolomitic algal reef facies and a 
pyritic carbonaceous dolomitic member.
The reef structures crop out at or near 
the base and along the western boundary of the 
Formation. The bioherms are discontinuous and 
range up to about 1,000 feet in thickness. They
Fl ?9 Silicified Algal Dolomite Bioherm, Koolpin For tiora, 
«ix railos n<rtb of Coirwong Gorge«
Fig. 30 Pyritic
carbonaceous 
siltstone 
ith chert 
(after dolo­
mite) bands 
lenses and 
nodules. 
Koolpin For>- 
n tion South 
Alligator 
River area.
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i n t e r t o n g u e  w i t h  t h e  c a r b o n a c e o u s  d o l o m i t i c  member  
a n d  c ro p  o u t  i n  t h e  T u r n o f f  Creek  a n d  C o r o n a t i o n  
H i l l - S a d d l e  R id g e  a r e a s  a n d  n o r t h  o f  C o i rw ong  GJorge 
( P l a t e s  1 and  2 ) .  They  a r e  r a r e  o r  a b s e n t  be tw reen  
S a d d l e  R idge  and  C o i rw o n g  G orge  a n d  o n l y  a  few m i n o r  
a l g a l  d e p o s i t s  have  b e e n  mapped i n  t h i s  a r e a .  The 
r e e f s  a r e  f o rm e d  m a i n l y  by C o l l e n i a - t y p e  a l g a e  r a n g ­
i n g  i n  s i z e  f ro m  l a r g e  s t r u c t u r e s  a s  much a s  t h r e e  
f e e t  h i g h  t o  s t r u c t u r e s  a b o u t  o n e - q u a r t e r  o f  a n  i n c h  
h i g h ,  The s m a l l  s t r u c t u r e s  commonly g i v e  t h e  r o c k  a  
h a n d e d  a p p e a r a n c e  and  i n  many p l a c e s  w h e re  t h e y  a r e  
n o t  w e l l  p r e s e r v e d ,  t h e  r o c k  r e s e m b l e s  a  n o r m a l  t h i n  
he d d e d  d o l o m i t i c  s e d i m e n t .  O t h e r  a l g a l  t y p e s  a r e  
a l s o  p r e s e n t ,  b u t  none  h a s  y e t  b e e n  a d e q u a t e l y  s t u d i e d  
and d e s c r i b e d .  R e e f  b r e c c i a s  o c c u r  i n  p l a c e s  b u t  a r e  
no t  common. T e r r i g e n o u s  m a t e r i a l  i s  r a r e  -  p r o b a b l y  
"because t h e  r e e f s  grew on a  b a s e m e n t  r i d g e  w i t h i n  
Ihe P i n e  C r e e k  G e o s y n c l i n e  a nd  n o t  on t h e  m a r g i n  o f  
the g e o s y n c l i n e ,  w h e r e  s u c h  m a t e r i a l  w o u l d  h a v e  b e e n  
no re  r e a d i l y  a v a i l a b l e .  The r e e f s  i n  t h e  C o i rw ong  
£.rea a r e  commonly c o m p l e t e l y  s i l i c i f i e d .  They w e re  
j r o b a b l y  a l t e r e d  d u r i n g  d i a g e n e s i s :  b u t  some a l g a l
s t r u c t u r e s  h a v e  b e e n  p r e s e r v e d ,  a n d  t h i s  f e a t u r e  t o ­
g e t h e r  w i t h  t h e  c h a r a c t e r  o f  t h e  o u t c r o p s  l e a v e s  l i t t l e  
coubt  t h a t  t h e y  r e p r e s e n t  b i o h e r m s .
F l ? . 31 K o o lp in  F o rm a tio n , ö o u th  A l l i g a t o r  r t iw e r .  Photograph  
*'rorn n e a r  äo ck h o le  mine and f ro n  same a r e a  o f  o u t ro r s  
a s  F i g .  30 -  show ing v r i a t i o n  o f  n o d u l  r  rook ty p e
i l l u s t r a t e d  by F ig . 30 .
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The pyritic carbonaceous dolomitic member
consists of lenses of carbonaceous siltstone in a 
carbonaceous rock containing lenses and nodules of 
chert. The chert is clearly derived by silicification 
of dolomite. This rock is identical with some sedi­
ments previously noted as components of the Golden 
Dyke and Masson Formations. The lenses are commonly 
not more than half a inch to two inches thick but the 
nodules may range from one quarter of an inch to, in 
extreme cases, six inches in diameter. They are 
commonly between half an inch and one and a half 
inches in diameter (Figs. 30 and 31). It is also 
the host rock for most of the uranium occurrences 
in the South Alligator area.
ii) Gerowie Chert
with the Koolpin Formation. It crops out near the 
junction of Gerowie Creek and the South Alligator 
River and extends over a strike length of about 25 
miles. The Formation consists mainly of impure 
chert, in some places rich in albite, chert and 
siliceous siltstone, all of which are probably
The Gerowie Chert overlies and interfingers
diagenetically altered dolomitic sediments.
iii) Fisher Creek Sjtilstone
The Fisher Creek Siltstone contains the
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main bulk of the sediments in the South Alligator 
Group. It overlies and interfingers with the Koolpin 
and Gerowie Formations, and, as its name implies, is 
composed mainly of siltstone. Minor greywacke 
siltstone and micaceous greywacke occur in places, 
the latter at the base of the formation and inter- 
fingered with the Koolpin Formation in the El 
Sherana mine area. There has been no drilling in 
the Fisher Creek Siltstone and it is not known 
whether the rocks are carbonaceous at depth or not.
AGICONDIAN IGNEOUS ROCKS
The petrology of the igneous rocks will not 
be treated in detail here: only those features which
have a direct bearing on the evolution of the geo­
syncline will be considered. Three main types of 
igneous rocks have been recognized of which the vol­
canic rocks include the previously described Berinka 
and Dorothy Volcanics.
Basic Rocks
The distribution of these rocks is shown 
on Plate 1. They are all clearly of magmatic origin.
Gabbro and dolerite sills occur in the 
Brocks Creek and Burrundie areas.
A number of large dykes and sills crop out
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in the South Alligator River area. Most are con­
centrated in a belt along the western margin of the 
Eastern Trough. These are the Zamu Complex and 
include individual dykes up to twenty miles in length 
and five miles in width. They are doleritic or 
gabbroic and are associated with quartz diorite, 
syenite and adamellite. The petrology has not yet 
been studied in detail. They appear to have been 
intruded partly as dykes following old fault lines, 
or as sills, now folded with the sediments. Elsewhere 
in the region, basic to intermediate intrusives occur 
mainly as dykes, the main concentration being along 
the contact of the Masson and Golden Dyke Formations 
in the Mt. Masson area; in the Mt. Litchfield area; 
and in the Oenpelli and Jim Jim Creek areas, where 
basic dykes of Proterozoic age intrude both Agicon- 
dian sediments and Archaean raetaraorphic rocks.
It is a feature of the basic intrusions 
that they were all intruded at an early stage in the 
development of the geosyncline. In most cases they 
clearly predate the folding movement. Some of the 
intrusions of the Zamu Creek Complex appear to be 
discordant but lack of outcrop of the intruded 
sediments does not allow the true relationship to
be established
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In all areas where granitic and basic 
intrusions coincide, the granite is clearly younger 
than the basic rock.
Granitic Rocks
The distribution of the granitic rocks of 
the region is shown on Plate 1, These bodies are 
very similar in general composition and are mainly 
granite, adamellite or granodiorite, Some bodies, 
such as the Cullen Granite, show marked variations 
in texture within the mass, but with the exception 
of a few small occurrences of quartz-syenite dif­
ferentiates, differences in composition are not common.
Some granites, such as the Litchfield 
Granite and those that intrude the Archaean meta- 
morphics in the Hermit Hill and Nanambu areas, are 
garnetiferous, The Mt, Bundey Granite and a number 
of other intrusions are hornblende-biotite granite.
The Rum Jungle, Burnside and Fenton intrusions are 
granites. Joplin (1956) has noted a contaminated 
albitite in the Hays Creek area.
The Malone Creek intrusion is a micro­
granite and the Fenton and Allia Creek intrusions 
show well developed platy flow structure possibly 
due to forceful intrusion along a fault zone. These
are exceptions to the commonly massive, coarse-grained
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character of the intrusions. Most contain large 
felspar phenocrysts up to 3 cm. in diameter.
Six typical analyses are listed 
below as examples of these rocks. The analyses were 
made by S. Baker, Bureau of Mineral Resources.
Intru­
sion
Nanam-
bu
Malone
Creek
Litch­
field
Shoe-
bridge
Allia
Creek
Rum
Jungle
sio2 76.86 75-26 74.00 7 0 . 8 8 6 9 . 9 2 69.62
Al2°3 12.39 12.05 14.06 1 5 . 0 0 15.08 14.35
Fe2°3 O . 9 6 1.40 1 . 2 8 1.80 0 . 9 1 1 . 0 9
PeO 0.36 1.18 1 . 2 9 O . 8 9 2.20 2.20
MgO 0.13 0.20 0.41 0.74 1.14 1.40
CaO 0.79 0.58 2.28 1.27 1.64 0.80
HagO 2.44 2.97 4.35 3.29 2.65 2.67
K 0 ? 5.43 5.31 1.26 4.48 5.18 6 .I9
N 2 0 (l0 5 °C)nil nil nil nil nil 0.04
loss on 0 . 5 0  ignition O . 4 8 0.35 0.75 0.77 0.23
Ti02 0.07 0.07 0.22 0.26 0.45 0.61
P2°5 0.02 0.04 0.03 0.03 0.18 0.25
MnO 0.02 0.02 0.03 0.03 0.05 0.04
TOTAL 99.97 9 9 . 5 6 9 9 . 5 6 ii.42 100.17 99.49
The plutons are discordant and are clearly 
of magmatic origin. The Rum Jungle, Waterhouse and 
Burnside granites occupy the cores of domes but are 
discordant in detail. Quartz-tourmaline veins cross­
cutting the country rock are common, and quartz- 
cassiterite, quartz-gold and quartz-tungsten-bearing
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veins are associated with most of the intrusions.
The contact zones are sharp: contact metamorphism
is confined to a narrow aureole of hornfels in most 
places only a few feet wide. Faulted contacts are 
common. The eastern margin of the Cullen Granite 
in the Wolfram Hill area is irregular, with a wide 
hornfels aureole considered to indicate a shallow­
dipping roof, and with a number of small apophyses 
and stocks.
The granitic bodies of the Katherine- 
Darwin region show no preference for any particular 
zone of the geosyncline. The Cullen Granite, for 
example, crosscuts the main trough of the geosyncline 
and extends towards the east into the area occupied 
by the Masson Formation. The virgation in the Pine 
Creek area (Plate l) is most probably due to in­
trusion along fault-lines. Some granite bodies 
are intruded along or near the western margin of 
the geosyncline, again in a strongly faulted area. 
Still others, such as Nimbuwah Granite, are intruded 
into Archaean metamorphics outside the geosynclinal 
tract. Clearly then, in the Katherine-Darwin region 
there can be no question of the granite bodies being 
intruded into the cores of a fold mountain chain or 
being derived by the effects of down-warping of a 
tectogene. In point of fact, the writer cannot
-  53 -
determine an orogen, in the classical sense, within 
the Pine Creek Geosyncline, although such a feature 
has been referred to, but not outlined, by Noakes 
(l954). The field relationships of the intrusives, 
their character and composition, suggest they are 
comagmatic.
The intrusions took place at a very late 
stage, probably the final stage in the development 
of the geosyncline. They can possibly be related 
to the "epizone” of Buddington (1959)*
The lack of metamorphism of the sediments, 
the absence of a recognizable orogen, the maximum 
exposed thickness of sediments of only 18,000 feet, 
and the dominance of vertical movements in the develop­
ment of the geosyncline - all strongly indicate that 
the melting and injection of magma was not caused by 
the geosynclinal condition but was the result of a 
fundamental stress environment-which brought about 
the geosynclinal condition. This feature is further 
discussed in part 3 of this Thesis and is referred 
to by Walpole and Smith (1959)»
The average age of the granite intrusions 
is 1650 £ 40 million years (Hurley et al. 1959)»
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STRUCTURAL GEOLOGY
The structural deformation of the Agicon- 
dian rocks will be only briefly analysed here. The 
more important known structures are illustrated on 
Plate 9.
Faulting
Most fractures and fault zones are rectil­
inear and few show much horizontal displacement; 
those that do have mostly been active in the Upper 
Proterozoic - for example the Giants Reef Fault. The 
fault zones are commonly marked by intense shearing. 
Quartz veining in the faults is common, and mica and 
andalusite schists are developed in zones of shearing 
on the western side of the geosyncline. Mica schists 
are common in the Mt. Partridge area on the eastern 
side of the geosyncline. Most faults examined were 
high angle normal faults. A few reverse faults were 
also noted but these were not common. In some cases 
structures such as a graben in the Finniss River area, 
the Mt. Shoebridge Fault and the South Alligator Fault 
zone can be identified and traced but in many places 
the fractures are not well defined in the field. Most 
became obvious only when the scale of the geological 
maps was reduced. This feature is due mainly to the 
poor outcrop available in many areas.
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Three main directions of faulting are 
present; north-west, north and between 20° and 40° 
magnetic. These sets can be related to the different 
depositional environments within the geosyncline and 
this feature is described in a later chapter. The 
north-west set is the most pronounced on the eastern 
side of the geosyncline and also marks the trend of 
the central trough by means of a discontinuous zone 
of shearing and fracturing extending from Pine Creek 
to near Darwin (Plate 1). The northerly set is 
believed to be a later development and the east- 
north-east set is superimposed on both north-west and 
northerly sets.
Some faults, particularly those of the 
northerly set, show zones of contusion and appear 
to have dragged the beds on both sides of the zone 
of weakness. This suggests a reversal of movement 
and small vertical displacement.
Folding
Plate 1 clearly shows that the different 
Formations within the geosyncline still retain their 
original position in space relative to each other. 
There has been no overfolding and little foreshorten­
ing. If drag due to faulting is ignored, most fold
o ostructures show dips averaging about 40 to 50 •
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Small closed structures are common and the grand 
anticlines and synclines which occur in most of 
the classical mobile belts are markedly absent.
Overturned fold structures occur in the 
area near Coronet Hill and the Hercules Gold Mines 
(Plate 6).
The trends of the fold structures follow 
the three main directions noted for the faults.
The general character of the folds and 
the type of faulting predominant in the region 
strongly suggest that compression did not constitute 
a major causal factor in the deformation of the geo­
synclinal sediments.
UPPER PROTEROZOIC
Five main subdivisions have been recognized 
in the region. These are from oldest to youngest,
The Katherine River Group, Mt. Rigg Group and Maiwok 
Group which crop out on the eastern side of the region; 
the Victoria River Group and Tolmer Group which crop 
out on the western side. The Mt. Rigg and Victoria 
River Groups may be correlated in part.
Katherine River Group :
The Katherine River Group consists of two 
Formations. Each has been subdivided into a number
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of members. The basal formation is the Edith River 
Volcanics, consisting mainly of rhyolite and dacite 
with basal lenses of fine tuff, greywacke, greywacke 
conglomerate, conglomerate and sedimentary breccia.
It is overlain by the Kombolgie Formation, a sequence 
of coarse to medium arenites and rudites with inter- 
bedded andesites and basalts.
The Katherine River Group is intruded by 
dolerite dykes and the rocks have been strongly 
jointed and faulted. Folding, however, has been very 
gentle and most of the flexures are basins and mono­
clines which can be satisfactorily explained as mod­
ified depositional structures. Local unconformities 
within the group are common in some areas and can be 
attributed to instability of the basin margins during 
sedimentation.
The Group lies with a strong unconformity 
on the Agicondian geosynclinal sediments and igneous 
rocks•
Mt. Rigg Group s
The Mt. Rigg Group (Beswick Group of Ruker, 
1959) rests unconformably on the Katherine River Group. 
It crops out in the south-eastern corner of the region 
and consists of basal arenites and rudite with local 
boulder beds, overlain by a calcareous sequence. The
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uppermost rocks are interbedded marl, calcilutite, 
quartz sandstone and basalt.
Maiwok Group :
The Maiwok Group (Dunn, 1959) crops out 
in the south-eastern corner of the region where it 
unconformably overlies the Mt. Rigg Group. It consists 
mainly of arenites with minor lutite and basalt. 
Victoria River Group :
The Victoria River Group was first named by 
Traves (1955) to include the Upper Proterozoic sequence 
in the Victoria River Basin. The "group" is now known 
to include one Agicondian unit - the Chilling Sand­
stone - and one known and one probable unconformity.
The Tolmer Group and Chilling Sandstone have been 
excluded from the Victoria River Group in the Kather- 
ine-Darwin region. Here the Group is restricted to 
four units of as yet undetermined rank. These con­
sist, oldest to youngest, of quartz sandstone with 
lenses of limestone? siltstone and calcareous silt- 
stone? felspathic sandstone? quartz sandstone with 
limestone lenses. The rocks are very gently folded 
and are considered to be younger than the Katherine 
River Group. They rest unconformably on the Lower 
Proterozoic Chilling Sandstone and are unconformably 
overlain by the Tolmer Group.
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Tolmer Group :
These rocks crop out around the margins 
of the Daly River basin. In the Daly River- 
Fitzmaurice River areas they unconformably overlie 
the Lower Proterozoic rocks and the Victoria River 
Group. The presence of fossil jelly-fish of the 
Beltanella type suggests a correlation with the 
Adelaide System of South Australia (Sprigg, 1947)» 
but such correlation can as yet only be regarded as 
tentative•
The Tolmer Group contains three formations. 
The basal unit is distinctive pink quartz sandstone 
overlain by a flaggy quartz sandstone and sandy 
micaceous shale which in places contains Beltanella- 
type jelly-fish. This formation is overlain by 
dolomitic rocks and Collenia-type algal bioherms.
The top formation is composed of ferruginous sand­
stone, siltstone, and lenses of dolomite.
The Group is unconformably overlain by 
the Lower Cambrian (?) Antrim Plateau volcanics and 
by Middle Cambrian and Lower Cretaceous sediments.
PAßT 2
EVOLUTION OF THE GEOSYNCLINE
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GENERAL
Dana (1873) is generally credited with 
having popularized the term geosyncline (referred 
to as ’’geosynclinal" by Dana), although Hall (1859) 
was the first to put forward the concept. The 
question of terminology as applied to geosynclines 
has since been discussed by a great number of writers. 
Gleassner and Teichert (1947) and Kay (l95l) review 
the different definitions proposed for geosynclines 
and, except for the terminology of Stille (1941) 
and Kay (1951) it is not proposed to discuss this 
further. For the purpose of this Thesis, a geosyn­
cline is considered to be "a surface of regional 
extent (which) subsides deeply during accumulation 
of succeeding surficial rocks” (Kay, 1951» p.107).
The Pine Creek structure is not an ortho­
geosyncline. It is an intracratonic structure and 
thus a parageosyncline according to Stille. As 
such it does not fit the classical geosynclinal 
theory as outlined by Knopf (1948) (probably better 
described as 'orogenic theory) and requires a dif­
ferent treatment and a different approach . It 
probably derived its sediment from ’’complementary 
highlands within the craton" and would thus correspond 
most closely to the zeugogeosynclinal class of Kay
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(1951)• The main objections to such classific­
ation would appear to be the high proportion of 
chemical sediments - dolomitic sediments and chert 
- in the basal units of Hie sedimentary succession.
It may be argued that this simply reflects the 
access to the basin; the palaeogeography at the 
time; the complexity of the foreland areas or area; 
and the form, duration, and magnitude of its uplift; 
but a rigid classification seems inadvisable and 
a composite trough such as the Pine Creek Geosyn­
cline does not conform exactly to the structure 
defined by Stille or Kay. The writer prefers to 
retain Kay's definition of a geosyncline quoted 
above, and will not endeavour to force a more 
precise classification.
Pettijohn (1943) has pointed out that 
the petrology of sediments is very largely depend­
ent on the tectonic environment of the source and 
depositional areas. This aphorism can be applied 
in a broad sense to the Pine Creek geosyncline: a 
number of different suites of sediments can be 
recognized within the geosyncline, and a study of 
these and their inter-relationships allows the 
evolution of the geosyncline to be traced.
These suites of sediments, or facies
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assemblages, represent episodes in the development 
of the geosyncline, but do not, in any single case, 
typify the geosyncline as a whole.
The area over which the Lower Proterozoic 
rocks of the geosyncline crop out is bounded to the 
north and west by the Arafura Sea; to the south by 
the Daly River and Roper River Basins which contain 
rocks of Upper Proterozoic, Middle Cambrian and 
Cretaceous age; to the east by the Arnhem Land 
Plateau, formed mainly by Upper Proterozoic rocks.
The area contains only part of the Pine Creek Geo­
syncline and this part has a maximum width of about 
180 miles and a maximum length of about 190 miles - 
almost the full width of the geosynclinal tract 
and possibly about half of its original length.
Its possible extension to the south-east can only be 
guessed at as there is no evidence at all to suggest 
when the limits may lie. There is a general im­
pression that the structure may terminate fairly 
abruptly: other possibilities, of course, exist,
and the writer prefers not to speculate further on 
this matter.
The primary structure of the Pine Creek 
Geosyncline was probably a fairly shallow asymmet­
rical elongate basin with a long axis trending south­
east.
1
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A number of major structural units are 
recognizable. These are mostly secondary. They 
developed with the geosyncline and partly obscure 
the character of the primary structure. These 
structures to a large extent coincide with and 
control the different episodes of sedimentation.
The main structural units recognized in 
the geosyncline are;
1. The Primary Basin, which includes the
Central Trough.
2. The Western Fault Zone.
3. The Eastern Trough.
4. The Chilling Platform.
These are illustrated by Fig. 38.
THE PRIMARY BASIN
The Primary Basin is outlined by the 
sediments which form the basal units of the geo­
synclinal pile - the Goodparla and Batchelor Groups.
The Goodparla Group, consisting of the 
Mt. Partridge, Masson and Golden Dyke Formations, 
is a facies assemblage or a "consanguineous assoc­
iation" in the sense of Pettijohn (1956, p. 611).
The relationships between the formations are essen­
tially lateral and basinwards. If the minor var­
iants in rock types in each unit are ignored, the
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the relationships of these three units to each other 
are as shown in Fig. 32. (Jze./>&?€. 34)
The marginal* environment is typified hy 
the Mt. Partridge Formation, which includes coarse 
arkosic sediments, conglomerates containing rare
* marginal is preferred here instead of shelf. 
Transitional is preferred to slope. This is 
because the thickness of the Goodparla Group does 
not differ markedly from place to place except over 
basement highs; shallow water structures, cross 
bedding, ripple marks etc. are markedly rare in 
most areas and the writer has not been able to 
obtain an estimate of original depth or degree of 
slope; there were no ocean deeps and therefore no 
continental shelf such as described by Shepard (1948). 
Marginal is used, in a broad sense, to characterize 
those depositional zones reaching out from the source 
areas, where coarse clastic rocks predominate. 
Transitional is used to describe the intermediate 
zone between the littoral and the furthest point from 
source reached by sediment. Trough is used in the 
commonly accepted sense.
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pebbles and cobbles of metamorphic rocks such as 
banded amphibolite, altered basic lavas, quartzite, 
etc, all of which have been recognized in the 
adjacent Archaean rocks, coarse-grained ripple- 
marked and cross—bedded sandstone, and siltstone.
The most abundant sediment closest to the outcrop­
ping basement rocks ia arkose. This is commonly 
irregular in its distribution and in most places 
is coarse-grained with crystals of felspar up to 
half an inch in diameter. The arkose becomes less 
dominant west of Jim Jim Creek and only a few out­
crops are found west of Yemelba. Here sandstone, 
conglomerate, sandy siltstone and siltstone are the 
dominant lithologies, with quartz greywacke as a 
minor constituent. As might be expected, there 
are exceptions to the rule of decreasing fels- 
pathic content basinwards, e.g. greywacke with up 
to 30$ felspar crops out near Mt. Masson: but in
general, the rule holds.
The transitional environment is marked by 
the Masson Formation. This has a mixed lithology 
which is in part allied to both the flanking environ­
ments. The most distinctive rock types present are 
quartz greywacke and siltstone* but the lithology 
ranges through greywacke, quartz greywacke, siltstone,
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conglomerate and quartz sandstone at one end (east), 
to quartz greywacke, siltstone, carbonaceous and 
pyritic siltstone and dolomitic sediments at the 
other (west). In other words, the quartz greywacke 
and siltstone which typify the Masson Formation and 
which occupy the main area of outcrop of the for­
mation are mixed with the coarse clastic rocks of 
the Mt. Partridge Formation to the east and north 
and the dolomitic and fine clastic carbonaceous 
sediments of the Golden Dyke Formation to the west 
and south (hasinwards)•
The trough environment is characterized 
by the Golden Dyke Formation, of mixed lithology 
dominated by dolomitic and carbonaceous rocks. 
Slumping is a common feature of these sediments, 
particularly in the basal members of the Formation, 
Chert, probably formed as a result of diagenetic 
alteration of carbonate rocks, is abundant in the 
south-eastern area of outcrop of the Formation,
Quartz siltstone is present, but not in 
quantity, and commonly occurs near the top of the 
Formation, A prominent constituent in some areas 
is a pyritic carbonaceous siltstone containing bands 
and nodules of chert. The chert is clearly silic-
ified dolomite
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The Batchelor Group lies in a restricted 
marginal environment on the western side of the 
northern end of the Primary Basin. It is equated 
to the Mt. Partridge Formation of the Goodparla 
Group and has been distinguished as a separate rock 
unit because of the presence in this area of two 
lenticular formations composed of dolomitic sedi­
ments and algal bioherms; and because the outcrops 
of the two units are separated by a faulted syncline 
occupied by Golden Dyke and Masson rocks.
The Batchelor Group and the Mt. Partridge 
Formation are very similar in that both are basal 
units; both contain abundant arkose intercalated 
with siltstone and with lenses of pebble conglomerate 
and quartz greywacke. The Mt. Partridge Formation 
also contains a few small lenses of silicified 
dolomite in the Yemelba ridge and Woolwonga Swamp 
areas, but these are not sufficiently important to 
warrant definition as separate units.
The formations within the Batchelor Group 
are markedly lenticular and in some places the lat­
eral limits can be seen (Plate 3).
The restricted marginal environment on 
the western side of the northern end of the Primary 
Basin is more a matter of lateral extent than
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thickness of the rock units present in each area.
The Mt. Partridge and Masson Formations on the 
eastern side of the Primary Basin spread over an 
area with a maximum exposed width of about eighty 
miles. The Batchelor Group is exposed over an area 
with a width of about ten miles, and the mixed 
arenaceous and biohermal character of the rocks 
and their known distribution do not suggest that they 
extended much farther westward beyond the present 
outcrop limits. The presence of bioherms within 
the Group also suggest that the fall-away into the 
Central Trough in this area was much more abrupt 
than on the eastern (Mt. Partridge) side of the 
Primary Basin.
Two features of importance in tracing the 
evolution of the geosyncline in the Batchelor area 
are -
i) the Batchelor Group is directly over­
lain by Golden Dyke Formation - there 
is no development of Masson Formation 
in a laterally and vertically disposed 
association, as is the case with the 
Mt. Partridge Formation, 
ii) A large west-facing tongue of Masson
Formation (the Acacia Gap tongue) crops
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out above the base of the Golden Dyke 
Formation and tongues out from a thick­
ness of about 4000 feet near Manton Dam 
to less than 100 feet on the western side 
of the Rum Jungle Dome (Plate 3).
These features are interpreted as follows: 
the absence of Masson Formation or similar rocks in 
conjunction with the Batchelor Group is a reflection 
of the slope of the Primary Basin in this area - the 
reef formation takes its place and the broad slope 
into the central trough which was present on the 
eastern side of the geosyncline, is missing. Instead 
the fall-away is sharp. This feature is further 
supported by the fact that the thickest section of 
Golden Dyke rocks (9,000 feet) occurs in this area. 
The very prominent west-facing Acacia Gap Tongue is 
clear evidence of a northerly to easterly provenance 
for the Masson Formation and, by inference, for most 
of the Golden Dyke. This direction of provenance is, 
of course, clearly indicated by the gradation of 
lithologies illustrated in Fig. 32. It is also 
supported by the rare sedimentary structures which 
could be measured. The limits of the Acacia Gap 
Tongue are also suggestive of a limit to the 
westerly extent of the Primary Basin at a fairly
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short distance west of Hum Jungle. Paradoxically 
this is also suggested by the thinning out of the 
Batchelor Group to the west.
The Central Trough is part of the Primary 
Basin and is marked by the outline of the Golden 
Dyke Formation. It is probable that its plan 
outline was not drastically altered by succeeding 
events in the development of the geosyncline; it 
continued to receive sedimentary material after 
deposition of the Golden Dyke Formation had ceased.
The distribution of the Mt. Partridge, 
Masson and Golden Dyke Formations and of the Bat­
chelor Group suggests that the outline of the Primary
CP-zs)Basin was somewhat as shown by Fig, 35»* There was a 
broad marginal and transitional environment on the 
eastern and northern sides, becoming more restricted 
towards the west and quite narrow in the north­
western sector, where it is in part characterized 
by reef structures. The southern extension of the 
marginal environment south of the Stapleton area 
cannot be determined. The writer considers that it 
was narrow and ran south at least to about the lat­
itude of Adelaide River. Here it may have swung 
south-east parallel to the main axis of the geo­
syncline, as does the Noltenius Formation in the
DIAGRAM SHOWING POSSIBLE ORIGINAL PROFILE OF PRIMARY BASIN
p i n e : c r e e k  g e o s y n c l i n e
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Fletchers Gully area.
Fig. 36 shows the writer's conception of 
an ideal cross section of the basement profile of 
the Primary Basin. This has to some extent been 
borne out by the gravity work over the basin (Langron 
& Stott, 1959)* The sharp fall-away into the central 
trough on the western side can be reasonably inter­
preted as being due to the presence of a major base­
ment fault or fault zone. If this hypothesis is 
correct then such a fault would logically have been 
a prime causal factor in the development of the 
original basin of deposition. Thus the Primary 
Basin is envisaged as being an asymmetrical structure 
with a steep western flank and a floor sloping grad­
ually up to the eastern margin. In the Hum Jungle 
area, the Golden Dyke sediments overlie the Bat­
chelor Group and contain a tongue of the Masson For­
mation. This condition is interpreted as being 
caused by regeneration of faulting on the western 
margin while sedimentation was still in progress.
Such faulting resulted in depression of the marginal 
area and allowed a transgression of Golden Dyke 
across previously deposited Batchelor Group. The 
tongue of Masson rocks represents a similar trans­
gression
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This hypothesis demands that there was 
very little or no supply of Golden Dyke sediments, 
and no supply of Masson material, from the west.
The supporting evidence has been given (on page 69 ) 
and is considered by the writer to be completely 
convincing even though comparatively few readings 
could be obtained of sedimentary structures.
The Goodparla and Batchelor Groups rep­
resent the initial stages of sedimentation in the 
Pine Creek Geosyncline. The character of the sedi­
ments, their distribution, provenance, direction, 
and relationship to succeeding units distinguishes 
them as a primary episode in the evolution of the 
geosyncline•
THE WESTERN FAULT ZONE
The Western Fault Zone consists of a belt 
of high angle normal faults and discontinuous shear 
zones which occur in the area between Mt. Shoebridge 
and the Daly River Police Post. Most of these strike 
north; some strike between north and 35° magnetic 
and displace rocks of Upper Proterozoic age. Some 
of these, e.g. the Giants Reef Fault, are trans­
current; but it is probable that the fractures which 
dislocate the Upper Proterozoic rocks reflect older
zones of weakness
-  73 -
The Western Fault Zone is considered to 
have been developed towards the close of the first 
episode of sedimentation, and had a two-fold effect; 
it resulted in attrition of the original western 
foreland area on the western margin of the geosyn­
cline, which originally was not elevated; and in­
itiated a new phase of sedimentation, the source 
area for which was new high land elevated on the 
western side of the geosyncline. The rocks deposited 
are those of the Finniss River Group - Berinka and 
Dorothy Volcanics, Noltenius, Burrell Creek, and 
Stapleton Formations.
The westerly source of the sediments is 
well evidenced by two main features. These are the 
east facing tongues of Noltenius Formation such as 
shown on Plate 5 ? the gradation from coarse arenite 
and rudite with lutite (Noltenius) to fine arenite, 
rare rudite and lutite (Burrell Creek) from west 
to east. Sedimentary structures support this feature.
The Noltenius Formation is composed of 
arkose, greywacke conglomerate, greywacke, quartz 
pebble conglomerate, sandstone and coarse conglomerate 
interbedded with siltstone and quartz siltstone.
Graded bedding, flow casts, load casts, incipient 
pullaparts and washouts - all indicative of turbidity-
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current deposition (Kuenen, 1953) - are common 
features in this unit (see Fig. 20, p. 38 ). In some 
places, the Noltenius Formation consists of alter­
nating beds of quartz siltstone and quartz grey- 
wacke (Fig. 19)> but the main bulk of the rocks are 
those deposited by turbidity currents.
The relationship of the Noltenius For­
mation to the Burrell Creek Formation differs from 
place to place. In some areas it overlies the Bur­
rell Creek Formation, in others it underlies it.
Near Adelaide River (Plate 5 ) it is clearly inter- 
fingered. The relationships between the two for­
mations are illustrated by Fig. 33. C^3?)
The Burrell Creek Formation consists almost 
entirely of greywacke, quartz greywacke, greywacke- 
siltstone and siltstone. A few small lenses of con­
glomerate are present, but these are only locally 
important. The arenites are much finer grained than 
those belonging to the Noltenius Formation and are 
believed to represent the finer fraction of the mat­
erial of which the coarse fraction, the Noltenius 
Formation, was deposited closer to the source.
The boundary between the Noltenius and
Burrell Creek Formations is transgressive in time
and was, of necessity, to a large extent arbitrarily 
chosen.
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Within the Central Trough, Burrell Creek 
Formation lie3 directly on Golden Dyke Formation.
They are separated along a gradational or inter- 
fingered contact, but the interfingering or grading 
is commonly confined to a few hundred feet of section. 
A well-marked gradational contact has been mapped in 
the Mt. Bundey area and a gradational and interfinger- 
ed contact is present in the Brocks Creek-Burrundie 
area. Large scale interfingering is present in the 
Mary River area near the Pine Creek-Goodparla track 
(see Plate 6).
In the Rum Jungle area (Plate 3)» the 
Burrell Creek Formation directly overlies the Golden 
Dyke Formation.
The Stapleton Formation has a mixed 
lithology including sediments similar to those of 
the Noltenius and Golden Dyke Formations. Two 
important types are carbonaceous greywacke and a 
coarse-grained carbonaceous quartz greywacke. Inter­
calated with these members are normal Noltenius type 
sediments. The Formation is interfingered with the 
Golden Dyke Formation (Plate 3) and is interpreted 
as a local unit representing admixture of the grey­
wacke assemblage with material representative of the 
Golden Dyke Formation. In this case, the Noltenius
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type sediments are below the Burrell Creek Formation,
North of Rum Jungle, the Noltenius For­
mation directly overlies the Golden Dyke Formation.
At Knuckeys Lagoon it overlies the Masson Formation.
The Finniss River Group is a facies assemb­
lage clearly different from that represented by the 
Goodparla and Batchelor Groups. It is a flysch facies 
which was developed only on the western side of the 
geosyncline and at a later stage in its development 
than the Goodparla-Batchelor assemblage. There is 
regional disconformity between Noltenius and Golden 
Dyke—Masson Formations and gradation, perhaps better 
termed admixing, and interfingering between Noltenius 
and Golden Dyke and Burrell Creek and Golden Dyke 
sediments. The Finniss River Group extends into and 
occupies part of the Central Trough. Here it over­
lies the Goodparla rocks: but in the Daly River
area, which is west of the predicted margin of the 
Primary Basin, it is faulted against basement rocks 
of the Hermit Hill Complex. There is no evidence 
to suggest that earlier sediments such as those of 
the Batchelor Group lie between the Finniss River 
Group and the basement metamorphics in this area.
The Noltenius Formation represents both 
the marginal and transitional environments, and
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the Burrell Creek Formation the trough environment 
of the Finniss River phase: but the divisions between
these environments, by the very character of the 
sediments involved, are not as clearly defined as 
for the Goodparla Group.
The Finniss River sedimentation was 
probably brought about by the development of the 
Western Fault Zone. This provided a source for these 
sediments by rejuvenating the western foreland area.
It had the further effect of extending the deposition- 
al area westwards at least twenty miles. This ex­
tension probably took place in stages by step fault­
ing. The faults that can be observed at the present- 
day erosion surface are considered to be a refledtion 
of this movement, but are most probably not all the 
faults involved nor, in every case, the over-head 
trace of fault planes involved in the primary move­
ment. It is quite likely that a number of the orig­
inal faults were of small displacement and were ob­
scured by the deposition of the Finniss River sedi­
ments .
The relationships between the Golden Dyke 
and Burrell Creek Formations indicate that the Central 
Trough continued to receive sediments from the east 
for some time after the Finniss River phase commenced.
This feature in turn allows the modification of the 
Primary Basin on the eastern side of the geosyncline 
to be relatively dated as later than the initiation 
of the Western Fault zone. This modification result­
ed in the formation of the Eastern Trough.
THE EASTERN TROUGH
The Eastern Trough contains the sediments 
of the South Alligator Group. Its eastern margin is 
covered by the Upper Proterozoic rocks of the Kather­
ine River Group,but probably did not extend beyond 
Magela Creek. The southern limit of the trough can­
not be determined.
The western boundary is marked by three 
main features. These are the discontinuous reef 
facies which forms part of the Koolpin Formation of 
the South Alligator Group; the South Alligator 
Fault Zone (Walpole, 1953)? and the line of dis­
continuous outcrops of the Stag Creek Volcanics.
The reef structures of the Koolpin For­
mation range in thickness from about 1,000 feet 
(the Pul Pul bioherm) to less than 50 feet. They 
contain algae of the Collenia type as well as other 
algal structures which have not yet been classified.
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Some reef breccias are also present. The reefs
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lie disconformably on or are faulted against sedi­
ments of the Masson and Mt. Partridge Formations, 
and intertongue with the carbonaceous and dolomitic 
members of 1he Koolpin Formation.
The South Alligator Fault Zone extends 
north-west from the Sleisbeck area to Coirwong 
Gorge (Plate l) and consists of a number of high- 
angle normal and reverse faults most of which dis­
place rocks of both Lower and Upper Proterozoic age. 
Pitchblende mineralization associated with some of 
these faults has been dated at about 550 million 
years. However, it is most probable that the fault­
ing was initiated in the Lower Proterozoic and was 
at least partly responsible for the development of 
the Eastern Trough. This is consistent with the 
general pattern of structural events in the early 
history of the geosyncline.
The Stag Creek Volcanics are a basement 
high in the South Alligator area, and form a belt 
of discontinuous outcrops which parallels the 
western edge of the Eastern Trough. In the Mundogie 
Hill area (Plate 2) they crop out in the core of a 
shallow dome. The dome determines the limit of the 
present margin of the trough. They do not crop out 
in actual contact with the South Alligator Group,
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but occur as inliers within the Masson and Mt. Part­
ridge Formation - roughly along the division between 
the two. This feature, together with the coincid­
ence of the western margin of the Eastern Trough 
and of the South Alligator Fault Zone, is suggest­
ive of a hinge-line formed by a zone of weakness in 
the floor of the Primary Basin. This was most prob­
ably caused by faulting. Later movement along this 
hinge-line is considered to have been the main factor 
in the formation of the Eastern Trough. There is no 
evidence to suggest that the outcrop of the Stag 
Creek Volcanics represents the core of a geanticlinal 
ridge.
The relationship of the South Alligator 
Group to the underlying Masson and Mt. Partridge 
Formations is considered to be a regional discon- 
formity. The rocks were folded together, and the 
relationships can be justified as a normal feature 
of sedimentation in a large composite basin, which 
was affected by differential vertical movements 
during the course of its depositional history. These 
vertical movements have already been suggested as 
the cause of the Finniss Kiver phase. They may 
affect the loci of sedimentation as well as the
source, volume, and type of sediment. In the case
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of the Eastern Trough the faulting movement was 
within the Primary Basin and not astride the margin 
as in the case of the Western Fault Zone. Had the 
eastern margin been much affected, it is logical 
to assume that the South Alligator Group would 
contain, if not a flysch facies, at least a reason­
able proportion of arenaceous rocks. In fact it 
contains neither. The proportion of greywacke 
within the group is very limited and can be dis­
regarded.
There is no evidence to suggest that the 
Masson or Mt. Partridge Formation supplied sediment 
to the Eastern Trough. The reef structures of the 
Koolpin Formation are evidence of a local shallow- 
water environment along the western margin of the 
trough. The sediments within the South Alligator 
Group - particularly those of the Koolpin Formation 
are markedly similar to those of the Golden Dyke 
Formation. The carbonaceous and pyritic nodular 
dolomitic marls, the Gerowie Chert, are identical 
to some of the rocks of the Golden Dyke Formation. 
This supports the probability that the Eastern 
Trough contains sediments which represent the last 
phase of the Goodparla episode and that such sedi­
ments were prevented from entering the Central
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Trough by a seaward barrier initiated by faulting, 
and now marked by the features which delineate the 
western margin of the Eastern Trough.
THE CHILLING PLATFORM
The Chilling Platform was formed on the 
western side of the geosyncline and contains the 
sediments which constitute the Chilling Sandstone. 
The structure is not well defined, as the margins 
are mostly obscured by younger rocks of Upper Pro­
terozoic and Palaeozoic age. Where the margins 
can be seen they are formed by vertical of high- 
angle faults or as a very sharp contact between the 
Chilling Sandstone and the Noltenius Formation. It 
is classified as a platform area on the basis of 
contained lithology and degree of stx-uctural de­
formation relative to adjoining areas. There is 
a sharp gradation from the intermixed greywacke 
and silty rocks of the Noltenius Formation to quartz 
sandstone of the Chilling Sandstone. The sandstone 
is extensively developed, and structural deformation 
is considerably less than that shown by other Agi- 
condian rocks of the region.
The structure extends as a belt between
thirty and forty miles wide ffom the Finniss River
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in the north at least as far as the Victoria River 
in the south, a distance of about 150 miles.
In the Fletchers Gully area, there is 
a sharp lateral and vertical gradation from the 
Noltenius Formation to the Chilling Sandstone.
In contrast to the Burrell Creek Formation, the 
lateral component in the Chilling Sandstone is 
south-westerly instead of easterly; and as the 
source area is west, this allows it to be dated 
as younger than the Burrell Creek Formation. This 
gradation in the Fletchers Gully area suggests a 
lapping back of fine to medium grained sandstone 
on to basement. In the Soldiers Creek area south 
of Fletchers Gully (Plate l), the strike of the Nol­
tenius Formation swings off to the south-east 
whereas the Chilling Sandstone trends south-west. 
Here it is considered probable that the eastern 
margin of the Chilling Sandstone is determined by 
faulting. The western boundary of the formation is 
overlain by Palaeozoic rocks.
The gradation from the Noltenius Formation 
to the Chilling Sandstone in the Fletchers Gully 
area occurs over a vertical distance of only about 
200 feet and emphasizes the sharp variations which 
occur where sedimentation is largely controlled by
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faulting - as compared to, for example, the previously 
described Masson—Mt. Partridge environment where such 
movements were not critical.
The Chilling Sandstone is composed almost 
entirely of coarse to medium grained quartz sandstone, 
in places ripple-marked and cross-bedded. The for­
mation might be regarded as part of the Finniss River 
episode? but the lack of significant variation in the 
type of sediment within the Formation and its distrib­
ution in a belt, probably marking a platform branch­
ing off the main geosynclinal area, suggests that it 
warrants consideration as a distinct, late-stage 
development.
The unit poses an interesting problem in 
determining its place in time in regard to the 
boundary between Agicondian and Davenportian. Plate 7 
shows Davenportian rocks extending north-east past 
the Halls Creek area and parallel to Agicondian 
rocks. The Davenportian sediments are very much in 
character with the Chilling Sandstone. They are not 
in character with the Agicondian at Halls Creek from 
which they are separated by a strong unconformity.
Two possibilities are apparent -
i) the Chilling Sandstone is a platform
linkage between the Pine Creek and
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Halls Creek Troughs and is Agicondian. 
ii) It links with the Davenportian rocks and 
would thus he unconformably above the 
Halls Creek sediments - in rauch the same 
manner as, for example, it would be un­
conformably above Golden Dyke rocks. This 
problem has yet to be resolved.
The distribution of the Chilling Creek Sand­
stone highlights the rectilinear character of the 
features that, to a very large extent, control the 
sedimentation within the Pine Creek Geosyncline (see 
Plate 8). These structures are here considered to 
be mainly faults and to be coincident or parallel to 
similar features which control Proterozoic sedimen­
tation in North Western Australia. This hypothesis 
will be discussed in more detail in Part 3 of this 
thesis.
SUMMARY OF EVOLUTIONARY STAG-BS
The Pine Creek Geosyncline is a fairly 
shallow, composite trough developed within the 
craton by downwarping and asymmetric downfaulting 
of a block of Archaean rocks.
It has been shown that the evolution of 
the Geosyncline took place in a number of different
episodes. These are typified by facies assemblages
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of sediments and overlap in space and time. They 
were controlled by structures produced chiefly by 
basement faults, and were intruded by sills and 
dykes of basic rocks prior to being folded and 
intruded by granite. Structural deformation is 
only moderate, regional metamorphism low-grade to 
virtually absent, and granite intrusion random in 
its distribution. There is no recognizable orogen 
and relatively little foreshortening compared with 
some of the classical geosynclinal tracts. These 
features suggest that regional tensional strain was 
the dominating influence in the development of the 
geosynclinal condition and was operative throughout 
the evolution of the geosyncline. Factors such as 
load due to accumulation of sediment were not 
important.
The different evolutionary episodes are
summarized in Table 3
TABLE 3
SUMMARY OP EVOLUTIONARY STAGES IN THE DEVELOPMENT OF THE PINE CREEK GEOSYNCLINE
Episode Structural Environment Lithofacies
Granite Intrusion Discordant plutons intruded inside and outside 
geosynclinal area. Intrusion of magma along 
basement faults.
Comagmatic plutons - mainly 
hornblende biotite granites 
and adamellites.
Intrusion of basic 
dykes, plutons and 
sills
Main concentration in Eastern Trough (Zamu 
Complex) where dominant control is north-west 
trending fault zone.
Dolerite and gabbro with 
associated quartz diorite, 
and syenite.
Start of main fold­
ing movement
Torsional stress-overall pattern of small 
closed structures with dips averaging between 
40° and 50° separated by zones of open folding. 
The whole strongly modified by drag folding 
along numerous fault zones.
Intrusion of basic 
sills and dykes
Mainly sills. Chief concentration is in 
Central Trough in Brocks Creek-Burrundie area.
Mostly dolerite and gabbro.
Chilling Sandstone Chilling platform Mainly sandstone
South Alligator 
Group
Eastern Trough Discontinuous algal bioherms 
carbonaceous dolomitic and 
pyritic rocks, chert and 
siltstone.
Finniss River Group Western Fault Zone and Central Trough Greywacke, quartz greywacke, 
siltstone minor rudite and 
arkose, marked turbidity 
current influence in depos­
ition in some areas. Minor 
volcanics.
Goodparla and 
Batchelor Groups
Primary Basin, including Central Trough Arkosic rocks, local reef 
facies, grading with quartz 
greywacke, carbonaceous and 
dolomitic rocks, chert, 
quartz siltstone.
Faulting and down- Strong tension.
warping of crystal­
line basement - in­
itiation of.g§osyn­clinal conditions.
THE PINE CREEK GEOSYNCLINE IN RELATION TO THE
STRUCTURAL FRAMEWORK OP NORTH-WESTERN
AUSTRALIA
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GENERAL
North-western Australia is part of the 
Australian Precamhrian Shield. The structural 
framework of this shield has been discussed by a 
number of authors including David (1911, 1932, 1950), 
Cotton (1930), Bryan (1932), Andrews (1937), Hills 
(1945, 1947, 1955, 1956), Hossfeld (1954), and 
Noakes (1954)* Noakes summarized the general 
concept of the Precambrian Shield by stating "in 
most parts of the Continent, Precambrian rocks were 
welded into a stable shield before the end of 
Precambrian time, and in the Northern Territory, 
the structural framework was established and most 
of the mineral deposits introduced by an orogeny 
which terminated geosynclinal sedimentation about 
the end of the Lower Proterozoic. In Upper 
Proterozoic time ... the Northern Territory behaved 
as a stable block, although it yielded to some 
extent to recurrent earth stress by warping and 
faulting".
All previous authors agree that the 
Precambrian rocks of the shield area can be 
divided into three main assemblages. The nomen­
clature adopted for these has been outlined on 
page 8 and in Table 2.
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The distribution of the rocks of the 
different divisions and subdivisions recognized 
here are shown on Plate 7, and summarized, together 
with the salient features of each, in Table 4*
ARCHAEAN
The Archaean rocks of the Katherine-Darwin 
region have been described in a previous chapter.
They are of a type with other rocks considered as 
being of Archaean age in north-western Australia 
in that they exhibit a high degree of regional 
raetamorphisra. In the Katherine-Darwin region, 
the Mt, Isa-Cloncurry region, and in Central Aus­
tralia, the metamorphic unconformity between these 
rocks and the overlying Lower Proterozoic rocks is 
most pronounced. Joklik (1955) describes a suite 
of Archaean metamorphic rocks, gneisses and mig- 
matites from the Harts Range area of Central Aus­
tralia. These may be regarded as typical of the 
Australian Archaean.
The strong metamorphic unconformity between 
the Archaean and Proterozoic rocks is well estab­
lished in Australian geology, but very little work 
has been done to determine the structural trends 
in the Archaean, particularly in the Northern
TABLE 4 1
DISTRIBUTION OF PRECAMBRIAN ROCKS OF NORTH WESTERN AUSTRALIA
Main Division Sub-Division Distribution and Salient Features
Upper Proterozoic Upper Victoria River Group and Tolmer Group of Victoria River and Daly River Basins - equivalent rocks of Mt. Rigg, Urapunga and Roper 
River Groups of Roper Basin, rocks of MacArthur River and Bulman 
and Wollogorang areas.
In Kimberley area - Mt. House Beds and Walsh Tillite (?) only. 
Maiwok Group, rocks of Constance Range area and Camooweal Dolo­
mite are uppermost successions.
UNCONFORMITY
Subdivision contains two known regional unconformities and may 
contain a third. Rocks deposited in broad intracratonic basins, 
folding commonly very gentle and marginal fracturing not pro­
nounced. No granite intrusion. Succession is composed of aren­
aceous and argillaceous sediments and volcanics with abundant 
algal dolomite and calcareous sediments in places. Glauconitic 
and iron rich sediments prominent in some areas. Maximum known 
thickness about 10,000 feet.
Lower Mornington Volcanics and Warton Beds of Kimberley Basin, Katherine 
River Group of Katherine-Darwin Region, Parsons Range Beds of 
Arnhem Land area and Tawallah Sandstone of MacArthur River area.
UNCONFORMITY
Unmetamorphosed rocks commonly coarse to medium arenite, rudite, 
with interbedded acid to basic lavas, pyroclastics. Rocks depos­
ited in intracratonic basins. Gently folded but marginal fractur­
ing pronounced and modified depositional features common. Local 
unconformities due to instability of basin margins during sedimen­
tation common. No granite intrusion. Maximum known thickness 
about 9,000 feet.
Lower Proterozoic Davenport 
Serie s
Rocks of Davenport and Ashburton Geosyncline, Tanami - Winnecke 
area, King Leopold Beds of Kimberley region. (May possibly include 
part of MacAdam Range succession (Chilling Sandstone) of Victoria 
River area, Pilpah Sandstone and part of Lawn Hill succession of 
Mt. Isa region.*
UNCONFORMITY
Folded unmetamorphosed or weakly metamorphosed rocks, dominantly 
arenite with intercalated volcanics prominent in someareas. Geo­
synclinal and platform deposits. Intruded by granite. Maximum 
thickness about 20,000 feet.
Agicondi
Series
Rocks of Pine Creek Geosyncline, Halls Creek, South west Kimberley 
Granites, Tennant Creek (Warramunga Geosyncline) Hatches Creek 
area, Mt. Isa-Cloncurry and Mitchell Range (Arnhem Land) areas.
Geosynclinal sediments intruded by granite. Regional metamorphism 
commonly low grade or absent except in some parts of Mt. Isa- 
Cloncurry region.
UNCONFORMITY
Sediments are folded and extensively faulted and intruded by acid 
and basic igneous rocks. Volcanics prominent in some areas, par­
ticularly Mt. Isa - Cloneurry area. Granites are commonly massive 
and unstressed discordant bodies. Exceptions are part of Lambu 
Complex and Mt. Isa-Cloncurry district. Maximum thickness probably 
about 20,000 feet, except in Mt. Isa - Cloneurry area where up 
to 40,000 feet is present.
Archaean Includes Arunta Complex of Central Australia, Myra Falls and 
Hermit Creek metamorphics of Katherine-Darwin region and 
Archaean rocks of Mt. Isa-Cloncurry area.
Features are high-grade regional metamorphism, granitization 
and migmatization, gneissic granites, etc. In areas where 
structural studies have been made, structural deformation by 
folding is not particularly intense.
* These rocks not differentiated as Davenportian on Plate 7
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Territory.
In the Katherine-Darwin region, the 
observed Archaean trends are mainly east. Recon­
naissance gravity work in the Pine Creek Geosyn­
cline has also indicated basement structures which 
show the same trend (Langren & Stott, 1959)*
The extent and axial trends of the 
Archaean depositional structures is not known and 
nowhere in Australia has any attempt yet been made 
to relate lithologies of the Archaean sequences 
to depositional zones. In the Northern Territory 
at least, the Archaean rocks have apparently not 
undergone intense structural deformation, and 
shallow dips of about 20° are not uncommon. The 
Harts Range-Alice Springs area of Central Australia 
is not included in this discussion or on the maps 
accompanying this thesis, but it is pertinent to 
note that in this large area of Archaean metamor- 
phics, the main structural elements are domes and 
basins, the flanks of which dip at angles averaging 
only about 40°• Pips of 20° are common. Here again, 
the regional trend, at first sight, is apparently 
west, but this trend is at least in part due to 
Proterozoic faulting.
The boundaries of the Archaean rocks have
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been used by some previous workers as Archaean trends. 
In some cases these boundaries are formed by fault 
zones which are of Proterozoic origin. In other 
cases the data available to the early workers was so 
meagre that such features were guessed at.
It is considered here that the known trends 
of the Archaean rocks in the area under discussion are 
not of great importance in analysing the Proterozoic 
structural events, although these may have had local 
effects. The Archaean rocks are viewed as a sialic 
"scum" which originally covered the whole region. As 
such, the few reliable trends that are available 
cannot be regarded as definitive: but in most places
where such data have been collected, they show a 
sharp divergence from Proterozoic trends.
LOWER PROTEROZOIC 
Agicondian
Agicondian rocks occur in the Katherine- 
Darwin area, Halls Creek, West Kimberley, Granites - 
Tanami, Tennant Creek, near Hatches Creek, at Mt. Isa - 
Cloncurry and in the Arnhem Land area. When they 
crop out in contact with or close to Archaean rocks 
they show strong metamorphic and structural uncon­
formity with them
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Regional metamorphism of the sediments is 
commonly low grade: in the Katherine-Darwin and
Tennant Creek areas it is practically non-existent. 
Contact effects of granite intrusions are variable.
The dominant structural features can be largely at­
tributed to vertical movements resulting from ten- 
sional forces rather than from lateral compression, 
although it is not everywhere locally true that 
compression is subordinate to tension.
In most areas most major faults are high- 
angle normal or reverse faults commonly with small 
horizontal displacement. In the Pine Creek Geosyncline 
most of the regional controls of sedimentation are 
considered to be tensional fractures: the dis­
tribution of the formations within the geosyncline 
shows that they have maintained their position in 
space relative to each other since they were deposited. 
There has been little foreshortening.
The pattern in the Cloncurry - Mount Isa 
region is somewhat different. S.K. Carter* (personal 
communication) considers that tensional faulting 
initiated the Lower Proterozoic geosyncline sedi­
mentation but was followed by strong regional com­
pression. This may perhaps be explained by the
geographical position of this region - it lies
* Geologist, Bureau of Mineral Resources.
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close to what most authors agree is the margin of 
the Australian Precambrian shield. Here a different 
tectonic style from that within the shield might be 
expected: but despite this difference the structural
trends of this region (Plate7 ) are repeated in the 
other areas noted.
The Agicondian trends, as now known, are 
somewhat different from those shown in previous 
interpretations of the structural framework of north­
western Australia. This is because a great many 
additional data are now available from the detailed 
mapping that has been done and from a close study 
of the aerial photographs.
In the Katherine-Darwin region (Plate 9) 
the fundamental lineation is reflected in the axis 
of the Pine Creek Geosyncline, which strikes south­
east. It is also reflected in the Eastern Trough 
and by the Bulman lineament which may mark the 
eastern margin of the geosyncline. Superimposed 
on this trend is a north lineation on the western
margin (the Western Fault Zone) and a lineation 
ostriking about 35 magnetic, marked by the Chilling 
Creek Sandstone in the Fitzmaurice River area. These 
three components are reflected in the axes of the 
fold structures and by numerous faults and basic
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dykes throughout the area. The peculiar shape of 
the Cullen Granite can also perhaps be better ex­
plained by relating it to these trends.
The writer has not visited the Tanami- 
Granites area but has carried out a photo inter­
pretation study of the region, which shows a very 
prominent north-westerly trend.
The regional trends of the Agicondian 
of the Tennant Creek district are west and north­
west. This is shown by the geological map (ivanac 
1954) of the area and also by a recently published 
aeromagnetic map of the district issued by the 
Bureau of Mineral Resources. The Rocky Range- 
Mt. Cleland-White Quartz Hill fracture zone cuts 
across the district in a north-westerly direction 
but is probably a younger feature. The writer con 
eiders that it is an old fracture line which has 
undergone repeated movement.
Near Hatches Creek, the trend is about 
o290 • In the Mt. Isa-Cloncurry area, the regional 
trend is illustrated by the long axes of the geo- 
synclinal elements, the major fold axes and major 
fault zones and is north. Subsidiary fractures 
strike north-west and north-north-east with a
third and minor set striking west
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The Agicondian rocks in the Arnhem Land 
area trend about 30° magnetic,
Davenportian
Davenportian rocks crop out in the Davenport 
and Ashburton Ranges of Central Australia and the 
Tanami region. The King Leopold Beds (Guppy et al,, 
1958) in ^he Kimberley area are, in the writer’s 
opinion, Davenportian in age, as are the rocks ex­
tending west and south from Tanami down the West 
Australian-Northern Territory border.
The rocks of the Davenport and Ashburton 
geosynclines have a prominent north-westerly trend; 
the Davenport Range area has been described by Smith 
(1958) who notes that the trend of the fold structures 
is north-west; and of the fractures, north-west and 
north-north-east. The north-west trend is dominant. 
The King Leopold Beds trend north-westerly and north­
easterly, parallel to the trend of the Agicondian 
rocks in the Kimberley region. The north-western 
area of outcrop in this region is marked by shallow 
dips and no regional trend is apparent; at Tanami 
and on the border the sequence is relatively gently 
folded into domes and basins and no particular 
regional grain is apparent. Both these areas are
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considered to be platform areas bordering a V-shaped 
mobile zone which defines the Kimberley region,
UPPER PROTEROZOIC
The Upper Proterozoic will be discussed 
here as tectonic units only. Two are recognized.
The lower subdivision includes the rocks 
of the Katherine River Group of the Katherine-Darwin 
region; Mornington Volcanics and Warton Beds of the 
Kimberley region; Parsons Range Beds of the Arnhem 
Land area and tentatively the Tawallah Sandstone of 
the MacArthur River area. These rocks are dominantly 
coarse to medium arenites and rudites in most places 
with intercalated volcanic rocks. They range up to 
9,000 feet in thickness, but are only gently folded - 
in most places the structures are basins and mono­
clines which can be readily interpreted as modified 
depositional structures. The rocks are strongly 
fractured in some areas, particularly on the basin 
margins. Very strong jointing has been developed in 
places - in the Katherine-Darwin region major joints 
can be traced on air-photos for distances up to one 
hundred miles.
These rocks are not intruded by granite. 
Carter (personal communication) considers that the
-  9 6  -
Nicholson Granite on the Queensland-Northern Territory- 
border may be Upper Proterozoic in age, but the writer 
disagrees with this opinion and considers that the 
Nicholson Granite and the associated Cliffdale Vol- 
canics are a Lower Proterozoic basement high. They 
are separated from the Westmoreland Conglomerate - 
the basal formation of the Upper Proterozoic in the 
Nicholson River area - by an unconformity.
The upper subdivision includes the Mt.House 
Beds of the Kimberley region; the Victoria River and 
Tolmer Groups of the Victoria River and Daly River 
drainage basins, the Mt. Rigg, Urapunga, Roper River 
and Maiwok Groups of the Beswick,Bulman and Roper 
River drainage basins; the rocks in the MacArthur 
River, Calvert Hills, Wollogorang and Constance 
Range areas which can almost certainly be correlated 
with those of the Bulman and Roper areas. These 
sequences contain two known regional unconformities; 
there may be others which have not yet been recog­
nized. The Walsh Tillite of the Kimberley region 
may be included here, but is a local unit which has 
no counterpart yet recognized elsewhere in north­
western Australia.
The upper subdivision is separated from 
the lower by a regional unconformity and is recog-
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nizable mainly by its very much wider geographical 
distribution and the predominance of fine arenite, 
lutite, and carbonate (principally dolomite).
Arenites continue to make up a substantial part of 
the sequence and volcanics occur at different levels 
and in different places; but neither are as dominant 
as in the lower subdivision. The arenites are mainly 
of the quartose group.
Folding is very gentle and fracturing is 
commonly not as intense as in the rocks of the lower 
subdivision.
The major trends in the upper and lower 
sequences are taken as the axes of the depositional 
structures; the margins of these structures where 
they can be identified; regional features such as 
joints and faults. Most of the fold structures are 
too gentle or too broad to be of diagnostic importance. 
Some are clearly only modified depositional features. 
The trends are illustrated on Plate 7 and 8 and it can 
readily be seen that they parallel the Lower Protero­
zoic lineations with remarkable consistency. The 
directions are north-west, between 30° and 40° 
magnetic, and north. A subsidiary trend strikes 
approximately east.
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SOURCE OF SEDIMENTS
The source of the Agicondian sediments 
must, by inference, he the Archaean rocks: but the
source of Davenportian and Upper Proterozoic material 
poses a problem which involves the possibility of 
two sources of supply - the Agicondian geosynclinal 
sediments and the Archaean rocks.
Previous interpretations of the structural 
framework of North Western Australia such as that of 
Noakes (1954) postulated the development of Lower 
Proterozoic ortho-geosynclinal tracts sweeping 
around and ’’welding" Archaean nuclei. A good deal 
of the evidence which led to the conception of 
those geosynclinal tracts is now known to be erroneous 
for example there are no synchronous batholiths in 
the Pine Creek Geosyncline and no wide range of 
metamorphism as suggested by Noakes. Noakes and 
others considered that fold mountain chains, develop­
ed within these geosynclines, provided the source 
areas for Upper Proterozoic sediments shed into 
epicontinental seas covering the old nuclei.
There is some evidence to support this 
concept in the Mt. Isa/Lawn Hills/Westmoreland area. 
It is also true that some of the material of the 
Katherine River Group was derived from the under-
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lying rocks of the Pine Creek Geosyncline, However, 
the coarse elastics which form the bulk of the 
Katherine River Group contain rounded boulders 
and pebbles of quartzite as a major component and, 
as there are no quartzites known in Pine Creek rocks, 
a different source must be proposed. Furthermore, 
the Mt. Douglas outlier clearly indicates that the 
Katherine River Group originally covered a large 
part of the Pine Greek Geosyncline. There is no 
evidence to suggest that the Mt. Douglas rocks are 
part of the higher members of the Katherine River 
Group, lapped back over the Pine Creek rocks. The 
maximum known thickness of sediment in the Pine Creek 
Geosyncline is only 17*000 feet, folding is not 
intense, and it is difficult to envisage this 
geosyncline as ever having developed fold mountain 
chains of sufficient magnitudes to have provided 
the main source areas for the rocks of the Katherine 
River Group. No orogen can be defined as a result 
of a detailed survey of the whole region: certainly
no feature such a3 conceived by Noakes. There is no 
doubt that some material was derived from the Pine 
Creek rocks, and in the South Alligator Valley some 
of the basal sediments of the Edith River Volcanics
contain material which can be traced back to nearby
Lower Proterozoic rocks: but such effects are local.
The Katherine River Group originally lay 
obliquely across the Pine Creek geosyncline - not 
along its margins.
The same principles apply to the Davenport- 
ian rocks. These were not recognized as a separate 
Series by Noakes but they pose the same problem as 
the Upper Proterozoic rocks in that they comprise a 
thick sequence of dominantly arenaceous and rudaceous 
rocks for which an Agicondian source has been supposed. 
There is no evidence to support this. Were Noakes 
hypothesis correct, 20,000+ feet of arenite and rudite 
would have to be derived from approximately the same 
thickness of mixed arenite, lutite and carbonate 
rocks. The Davenportian of the Ashburton-Davenport 
Ranges contains a high proportion of sedimentary 
material which is far more in character with an 
Archaean source than a Lower Proterozoic source.
The same feature is true of the Tanami area.
It is therefore considered that the 
Archaean rocks provided the bulk of the sedimentary 
material to the Davenportian and Upper Proterozoic 
depositional areas and that blocks of Archaean 
were being activated by tectonic movements throughout
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the Proterozoic. The intensity of activity is
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reflected in the depositional styles of the Protero­
zoic units and shows an increasing tendency towards 
stability with time. The Lower Proterozoic sediments 
are geosynclinal, are folded and intruded by granitic 
rocks; the Davenportian is also intruded in places 
by igneous rocks and is folded. The granite penetrate 
only the basal members of the sequence. Thereafter 
the Upper Proterozoic rocks show a marked decrease 
in intensity of deformation and are not intruded by 
granite. It is apparent therefore that final stabil­
ity of the Precambrian shield area was not reached 
until a late stage and that this stability was pro­
gressively achieved through Proterozoic time. Indeed 
it might be considered that the early Palaeozoic 
basins of deposition represent an end-stage in stab­
ilization of the shield area. For example, the Middle 
Cambrian Daly River Basin follows the outline of the 
basin in which the Upper Proterozoic Tolmer Group 
was deposited and the axis of this basin is parallel 
to the axis of the Pine Creek Geosyncline.
REVIEW OF SOME PREVIOUS INTERPRETATIONS
It is not intended to discuss all previous 
references to the structural framework of the area 
but rather to select those which deal most fully with
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the area under consideration. These include Cotton 
( 1930), Hills ( 1945 , 1947 , 1955 , 1956),  Hossfeld 
( 1954)» and Noakes ( 1954) .  The writer is folly aware 
that very limited data were available to these 
authors on which to base their ideas. However, as 
a fundamentally different interpretation of the 
structural framework of the area will he offered, 
it is pertinent to review the evidence on which 
previous interpretations were based and, where 
necessary, to indicate where such evidence is now 
known to be erroneous.
A critical examination of this evidence 
clearly shows that in many places the data used were, 
in the light of present knowledge, either inaccurate 
or inadequate. The data on the stratigraphy of the 
area were meagre and because of this many extrapol­
ations of structural trends can now be shown to be 
invalid. The tendency has been to link a very few 
widely spaced trßnd-lines by broad curves extending, 
in some cases, over some hundreds of miles. The 
fundamental idea implied in such extrapolations 
appears to be that the margins of geosynclines or 
basin structures should be arcuate. This implication 
is seriously challenged in regard to north-western 
Australia: all present evidenoe points clearly to
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an angular outline which gives a quite different 
pattern. The writer is not qualified to comment 
on other regions but, in regard to the area under 
discussion, is in full agreement with Hills’
(1955» p,13) statement that he (Hills) ”is not 
impressed with the reputedly arcuate pattern at­
tributed to many well known tectonic units of the 
earth”.
From the outset the writer wishes to 
emphasize that he is not convinced that pre-existing 
structures in the Archaean basement rocks constitute 
a major controlling influence on the trends of 
Proterozoic structures. The only detailed evidence 
of Archaean trends available in the area at present 
is in the Katherine-Darwin area, and here they are 
markedly oblique or normal to the dominant trends 
in the Proterozoic rocks; to the marginal trends 
of the Pine Creek Geosyncline; and to the margins 
of the Upper Proterozoic basins where they are known. 
These are the only known outcrops of Archaean in 
the whole region under discussion and they represent 
much too inadequate a sample of Archaean trends on 
which to decide whether they control later events - 
particularly when the available detail is opposed to
this concept
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Cotton (l930) summarizes the data then 
available in four text figures. He envisages the 
existence of three massifs - the Carpenteria, Kim­
berley and Yilgarnia massifs separated by a "Nulla- 
gine GeosynclineM. His Warrawoona (Archaean) trends 
in the Katherine-Darwin region are incorrect and the 
trends shown in the Kimberley region are suspect.
The Mosquito Creek (Agicondian) trends are also 
doubtful with the exception of the main trend shown 
for the Katherine-Darwin region. The reference for 
this trend is a report on the Maranboy Tinfield by 
Gray (1915) and the trend-line shown is apparently 
taken from the strike of the axis of the Maranboy 
Anticline. This structure has since been mapped in 
detail by the writer (Walpole, 1958(a)) and is a 
small south-east-plunging fold about two miles long. 
It is worthy of mention here only to emphasize the 
very few and minor data on which the early workers 
attempted to reconstruct the Precambrian framework 
of the area.
Cotton’s concept of a Nullagine Geosyncline 
surrounding earlier Precambrian massifs is not sub­
stantiated by evidence now available from the recent 
mapping (see Plate 7).
Hossfeld (1954» P.129, Fig.4) offers a
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diagram showing observed Lower Proterozoic trends 
and extrapolations of these trends. His trends for 
the eastern part of the Katherine-Darwin region by 
and large do not exist or have been over-emphasized; 
those on the western side of the region and at Tennant 
Creek are factual; those in the Granites-Tanami area 
are factual but not truly indicative of regional grain. 
The extrapolations he suggests from these data cannot 
be substantiated.
Hossfeld’s "Davenport Series" conforms 
only in part with the now formally established 
Davenport Series. The mean observed trends for 
rocks considered (by him) to be Davenportian are 
correct in the Davenport areas but they are incor­
rect in the Wollogorang area and only partly correct 
in the MacArthur area. His interpretations of these 
trends (1954» Pig. 5» P*130) shows three main basins. 
Of these the Carpentaria Basin centres to the north­
east, somewhere in the Gulf of Carpentaria. All 
recent data is diametrically opposed to this inter­
pretation and points to a basin centring somewhere 
south-west of the MacArthur River area; and the 
rocks present belong to the upper subdivision of 
the Upper Proterozoic, not to the Davenportian.
His outline of the Kimberley basin is
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based largely on incorrect stratigraphy, but where 
trends are shown they are correct. However, present 
data indicate two basins centring towards the south­
east and north-west and not only to the north-west as 
envisaged by Hossfeld. The Kimberley Basin is a 
prominent structure in the Kimberley area of Western 
Australia (Plate 8). There can be little justific­
ation for extending it in the manner shown by Hossfeld.
Hossfeld’s "Buldivan Series” is not accept­
able on recent evidence. For example it contains the 
rocks of the Katherine River Group, which are now 
known to belong to a different sequence (possibly even 
a different system) from the Buldiva Sandstone.
The data now available do not support Hoss­
feld’s interpretation of the structural framework of 
the region.
Noakes (1954) attempts a reconstruction of 
the region which envisages Kimberley, Sturtian and 
Arunta Blocks surrounded by an ortho—geosynclinal 
tract referred to in different localities as the 
Pine Creek, Warramunga and Carpentaria Geosyncline.
The trend of the Pine Creek Geosyncline is 
south-east and not south-west as shown by Noakes and 
it is extremely doubtful that it can be linked with 
the Warramunga Geosyncline by way of the Halls Creek
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area, even through the medium of the Chilling Sand­
stone. The MacArthur River area cannot be linked 
with the Mt. Isa-Cloncurry area for obvious strat­
igraphic reasons and Noakes' suggested outline of 
a ’’Carpentaria Geosyncline" thus requires modif­
ication.
Hills (1945, 1947, 1955, 1956) gives 
interpretations based on much the same data as were 
used by other authors but strengthened by the ad­
dition of some morphological features determined 
by photo-interpretation.
Some of Hills* trend-lines are now known 
to be incorrect. For example, the V-shaped pattern 
shown by him for the Katherine-Darwin region is not 
borne out by regional mapping, the north-westerly 
Agicondian (Mosquito Creek) trend shown in the 
MacArthur area is incorrectly dated. The writer 
cannot agree with Hills' proposal that there is an 
empirical relationship between the majority of major 
tectonic lines (in the Proterozoic rocks) and the 
trends of the Archaean basement complex, or that 
"the oldest trends that are thus controlled by 
basement structures are the fractures and monoclinal 
warpings of the Upper Proterozoic rocks".
The writer therefore differs from a
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good deal of the structural and stratigraphic detail 
offered by Hills and in tie fundamental reason for the 
observed Proterozoic structural trends. Hills’ 
opinion that this pattern is mainly the result of 
vertical movements within a primitive continental 
mass which fractured both internally and marginally, 
and that the major fractures are "if not conjugate, 
then congenetic" is entirely supported.
Any interpretation of the structural 
framework of a region must include a consideration 
ofthe distribution of the stratigraphic units present 
as well as the structures produced by later deformation.
The distribution of the rock units is 
probably the more important as this in itself allows 
the axes of the depositional troughs or basins to be 
determined and in some cases the outlines of the 
margins to be defined or predicted.
Plate 7 is offered partly as a reliability 
diagram and partly to indicate the present known 
distribution of the rock units. Plate 8 is a compos­
ite tectonic map of the region showing the major 
trends of the Agicondian rocks, and is supported by 
Plate 9 , a tectonic map of the Katherine-Darwin region. 
These maps show the know distribution of the rock units 
and the known trends only, and no attempt has been made
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to extrapolate trends or boundaries beyond areas 
where they have actually been mapped or can be 
reasonably deduced by photo-interpretation*.
The distribution and trends of the Lower 
Proterozoic rocks in the Cloncurry-Mt. Isa area 
were provided by E.K. Carter (personal communication).
ANALYSIS OF PROTEROZOIC TREND LINES
Three main trends are present in the Pro­
terozoic rocks. These strike north-west, north and 
between north-north-east and north-east. A subsid­
iary trend striking between 80° and 95° is evident in 
some places. Some minor variations from these dir­
ections are of course present, but they do not 
affect the overall pattern. The strike of the axes 
of the geosynclinal troughs, the margins of the major 
depositional basins and by far the majority of the
* The trends and distribution of major sub­
divisions were first deduced by the writer in 1955- 
1956 as part of a background study for this thesis.
They have since been replotted in considerably more 
detail by the writer, E.J. Malone, K.G. Smith and 
others of the Bureau of Mineral Resources and incor­
porated in the new Tectonic Map of Australia. Plate 7 
is derived from a part of a draft of the Tectonic 
Map. Plate 8 is the writer's original (1956) inter­
pretation.
110 -
superimposed, structures such as fold axes and 
fractures conform - with little variation - to 
the directions outlined.
It is most noticeable that these trends 
are maintained throughout each of the Proterozoic 
systems and it is also of interest that some of the 
patterns are developed in stages. For example, the 
trends within the Pine Creek Geosyncline have been 
dated, on the basis of the interrelationship of the 
sedimentary units within the geosyncline, and include 
primary north-west trend which continues to be effect' 
ive throughout the evolution of the geosyncline? a 
northerly trend developed during the second stage 
of the geosyncline; a north-north-easterly trend 
developed during the final evolutionary phase. The 
northerly and north-north-easterly trends are super­
imposed on the north-westerly trend. All three are 
repeated in the succeeding Upper Proterozoic rocks. 
This repetition in some places takes the form of 
movement along pre-existing lines of weakness, in 
other places by the development of original frac­
tures. It is further evidence of the type of 
"resurgent tectonics" suggested by Hills (1956), 
but, in the writer’s opinion, with the difference 
that the initial pattern was established at, and
Ill
marked the beginning of, the Proterozoic era, and 
was not controlled by pre-existing trends in the 
Archaean rocks.
Hills (1956) has quoted evidence for the 
tensional character of the bounding fractured zones 
of the Kimberley Block. This evidence can be paral­
leled on the Arnhem Land Plateau; the western margin 
of the Pine Creek Geosyncline and the western margin 
of the Eastern Trough: and the MacArthur River area.
The Archaean basement appears to have been broken into 
blocks along remarkably rectilinear and regularly 
disposed fractures, the blocks downthrown or sagged 
and become the loci of intracratonic - geosynclinal 
or shallow, epicontinental sedimentation. Hills notes 
that "in the structure of the shield we recognize a 
truly grand series of up and down thrown blocks".
This general description adequately covers the overall 
picture given by a study of the stratigraphic and 
tectonic elements of the Proterozoic rocks of North­
western Australia. The shape of the blocks is sub- 
rectangular to polygonal in outline. Three features 
stand out»-
(l) the outlines of the blocks do not follow 
the theoretical network of shear directions postulated 
by Vening Meinesz (1947) but to some extent are bisect-
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rices of those directions. This has been noted by 
Hills (1956):
(2) the outlines of the blocks and the trends 
of the tectonic features within them give a decidedly 
angular pattern which precludes any attempt to curve 
geosynclinal tracts in broad sweeps around old nuclei 
in the manner of Cotton, Hossfeld and Noakes.
(3) The blocks show a tendency to overlap in 
time, and even allowing for onlap of the top for­
mation in any of the depositional areas back onto 
the old source areas, this feature is still apparent.
The important points may be summed up as
follows:
(i) The distribution of the stratigraphic 
elements is in accordance with the 
pattern of tectonic features.
(ii) The pattern is markedly angular in 
outline.
(iii) Most features can be related to vertical 
movements initiated in the Lower Protero­
zoic and repeated or paralleled in the 
Upper Proterozoic.
(iv) The tectonic features and the distrib­
ution of the stratigraphic elements
cannot be related to the known Archaean 
trends.
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(v) The Lower Proterozoic rocks do not 
constitute the only source material 
for the succeeding Proterozoic sequences, 
and, in some of the better known areas, 
the main source for such rocks was probably 
the Archaean,
(vi) In some places, such as the Katherine- 
Darwin region, the projected margin of 
the Upper Proterozoic basin lies obliquely 
across the long axis of a Lower Proterozoic 
geosyncline.
CONCLUSIONS
The evolution of the Precambrian shield must 
be considered with reference to two major events, the 
dividing line between which is the violent metamorphic 
and structural unconformity between the Archaean and 
Proterozoic rocks.
The first event may be regarded as culmin­
ating in the establishment, in north-western Australia, 
of a primeval crystalline basement consisting of a 
complex of highly metamorphosed rocks, gneisses,etc., 
which originally covered all the area under consider­
ation.
The second event was the breaking up of
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this complex into a system of blocks - sub-rect­
angular to polygonal in outline - by vertical move­
ments which took place at the beginning of the 
Proterozoic era. The distribution of these blocks 
was controlled by fracturing; and the intensity of 
dislocation of the blocks may be traced throughout 
the Proterozoic era in the sedimentary record,which 
ranges upwards with time from geosynclinal to epi­
continental, with the later sediments being derived 
from both Archaean and earlier Proterozoic sources.
The intensity of dislocation is also 
reflected in the intrusion of acid plutonic and 
hypabyssal rocks which penetrate the Agicondian 
and Davenportian but which do not intrude the 
Upper Proterozoic. The outlines of some of the 
major intrusions such as the Cullen Granite can 
be related in part to the overall fracture pattern; 
the granites in the Daly River - Muldiva area are 
clearly intruded along lines of fracture in the 
Agicondian rocks; Proterozoic granites have been 
intruded into the crystalline Archaean basement 
outside the zones of Lower Proterozoic geosynclinal 
deposition. Within the geosynclines the intrusions 
have a random geographical distribution. Major 
areas of granitic rocks occur along such prominent
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fracture lines as the eastern margin of the Kimberley 
block (Lambu Complex) and the western margin of the 
Pine Creek. Geosyncline (Litchfield Complex),
These features were noted by the writer 
in an address given to Section C of A.N.Z.A.A.S. 
(Adelaide 195^) and by Walpole and Smith (1959)»
They are common to the whole region and cannot be 
explained by Noakes' (1954) concept that the Pro­
terozoic granite intrusions were confined to Pro­
terozoic orogens. They have a relatively simple 
and logical explanation if the Archaean is con­
sidered as a crystalline sheet broken up into 
segments of different magnitude by fracturing? 
such fractures could provide zones of weakness or 
channel-ways for igneous intrusion which could 
therefore conceivably have a random distribution 
within or without the depositional areas.
The tendency towards increasing stability 
is probably the visible effect of the dying out of 
the fundamental stresses which initiated the break­
ing up of the Archaean basement.
In the very broadest sense, there is little 
difference between the Lower and Upper Proterozoic 
periods of sedimentation. The causal factors, i.e, 
vertical movements of blocks of crystalline Archaean
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rocks, are the same, and the main difference lies in 
the intensity of those factors, not in their origin 
or style. Plastic buckling such as envisaged by 
Vening Meinesz (1955) was not operative here. It 
might therefore be argued that the Shield as such 
was constituted in the Archaean and that the Protero­
zoic rocks reflect, not a welding of Archaean nuclei 
as has been suggested by previous authors, but rather 
a condition superimposed on a rigid crystalline base­
ment by fundamental forces in the substratum. Although 
the magnitude of the forces involved cannot be known, 
it is a reasonable assumption that they would be 
sufficiently great to supersede the majority of pre­
existing trends in the Archaean rocks.
These phenomena characterize the Australian 
Precambrian Shield. (Brock (1955» 1956) has noted 
similar phenomena on the South African continent.)
They do not necessarily apply to structures such as 
the Adelaide Geosyncline (Sprigg, 1952), or the 
Mt. Isa-Cloncurry geosynclinal zone, which are 
marginal to the shield and probably more in keeping 
with the orthogeosynclinal concept.
Wasiutynski (1946) attempts to explain 
polygonal fracture systems as Benard cells produced
by convective forces within the substratum. R. Green*
*Research Scholar^Department of Geophysics,Australian National University.
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(personal communication) has suggested that tectonic 
forces associated with adjustment of the equatorial 
bulge during polar wandering would be of sufficient 
magnitude to result in pronounced differentiated 
vertical movements. The writer prefers to keep an 
open mind on the possible causes and, for the present, 
be content with modifying Beloussovs (1957) hypothesis 
by referring it only to the area on which he (the 
wri.ter) is qualified to comment - "the whole complex 
of the geosynclines (within the Australian Precambrian 
Shield) as well as the location, form and history of 
the geosynclines as a whole, testify to the fact that 
there are no signs of a general horizontal compres­
sion. ... Or great horizontal displacement. The 
whole life of the geosynclines is determined by 
differential vertical movements of separate blocks 
of the Earth's crust."
The writer is of the firm opinion that the 
evidence of tectonism, sedimentation and igneous 
intrusion in North-western Australia strongly supports 
Hess' (l951> 1955) hypothesis that the depositional 
troughs were a consequence of preceding deformation 
and not themselves the agents of deformation.
The evidence for continued vertical move­
ments as a control of sedimentation in the Protero-
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zoic of North-western Australia helps to explain the 
somewhat unusual tectonic style of the Pine Creek 
Geosyncline. The evolution of this geosyncline 
can be traced directly to a succession of vertical 
movements, the traces of which are paralleled by 
later planes of movement throughout north-western 
Australia.
The irregular intrusion of granite bodies 
within and without the geosynclinal area; the lack 
of a definite orogen; the non-relationship of suc­
ceeding (Upper Proterozoic) episodes of sedimentation 
such as the Katherine River Group to deformation of 
a preceding geosynclinal pile; these features can­
not be explained by treating the geosyncline as an 
orthogeosyncline with a downwarped tectogene and 
intrusion of granite into fold mountain chains - 
which later provided a source of sediment for suc­
ceeding stratigraphic units.
The writer believes these features are 
best explained by considering the geosyncline as a 
unit in a large area in the manner attempted here - 
as one block in a mosaic of subrectangular to poly­
gonal blocks which suffered differential vertical 
movement throughout the Proterozoic era - that the 
area occupied by the geosyncline is truly represents-
-  119 -
tive of a shield area ... a crustal region which 
had been consolidated for a considerable time and 
was not capable of developing the compressive stress 
necessary for Alpine-type deformation.
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